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and genome organization (Sood and Brickner, 2014). Changes in NPC 
architecture or NPC numbers, might change the availability of NPCs as 
anchoring points for these processes. We conclude, that nuclear pores, the 
physical gatekeepers to the nuclear interior may well represent an important 
gatekeeper in aging, and boosting its quality control may provide opportunities 














Adell, M.A.Y., Vogel, G.F., Pakdel, M., Müller, M., Lindner, H., Hess, M.W., and Teis, D. 
(2014). Coordinated binding of Vps4 to ESCRT-III drives membrane neck constriction during 
MVB vesicle formation. J. Cell Biol. 205, 33–49. 
Ader, C., Frey, S., Maas, W., Schmidt, H.B., Gorlich, D., and Baldus, M. (2010). Amyloid-like 
interactions within nucleoporin FG hydrogels. Proc. Natl. Acad. Sci. 107, 6281–6285. 
Aerts, A.M., Zabrocki, P., Govaert, G., Mathys, J., Carmona-Gutierrez, D., Madeo, F., 
Winderickx, J., Cammue, B.P.A., and Thevissen, K. (2009). Mitochondrial dysfunction leads to 
reduced chronological lifespan and increased apoptosis in yeast. FEBS Lett. 583, 113–117. 
Aguilaniu, H., Gustafsson, L., Rigoulet, M., and Nyström, T. (2003). Asymmetric Inheritance of 
Oxidatively Damaged Proteins During Cytokinesis. Science (80-. ). 299, 1751–1753. 
Aitchison, J.D., and Rout, M.P. (2012). The yeast nuclear pore complex and transport through it. 
Genetics. 
Alamdari, D.H., Kostidou, E., Paletas, K., Sarigianni, M., Konstas, A.G.P., Karapiperidou, A., 
and Koliakos, G. (2005). High sensitivity enzyme-linked immunosorbent assay (ELISA) method 
for measuring protein carbonyl in samples with low amounts of protein. Free Radic. Biol. Med. 
39, 1362–1367. 
Alber, F., Dokudovskaya, S., Veenhoff, L.M., Zhang, W., Kipper, J., Devos, D., Suprapto, A., 
Karni-Schmidt, O., Williams, R., Chait, B.T., et al. (2007). The molecular architecture of the 
nuclear pore complex. Nature 450, 695–701. 
Albert, S., Schaffer, M., Beck, F., Mosalaganti, S., Asano, S., Thomas, H.F., Plitzko, J.M., Beck, 
M., Baumeister, W., and Engel, B.D. (2017a). Proteasomes tether to two distinct sites at the 
nuclear pore complex. Proc. Natl. Acad. Sci. U. S. A. 114, 13726–13731. 
Albert, S., Schaffer, M., Beck, F., Mosalaganti, S., Asano, S., Thomas, H.F., Plitzko, J.M., Beck, 
M., Baumeister, W., and Engel, B.D. (2017b). Proteasomes tether to two distinct sites at the 
nuclear pore complex. Proc. Natl. Acad. Sci. 114, 13726–13731. 
Allen, N.P.C., Patel, S.S., Huang, L., Chalkley, R.J., Burlingame, A., Lutzmann, M., Hurt, E.C., 
and Rexach, M. (2002). Deciphering networks of protein interactions at the nuclear pore complex. 
Mol. Cell. Proteomics 1, 930–946. 
Alonso Y Adell, M., Migliano, S.M., and Teis, D. (2016). ESCRT-III and Vps4: a dynamic 
multipurpose tool for membrane budding and scission. FEBS J. 283, 3288–3302. 
Antonin, W., Franz, C., Haselmann, U., Antony, C., and Mattaj, I.W. (2005). The Integral 
Membrane Nucleoporin pom121 Functionally Links Nuclear Pore Complex Assembly and 
Nuclear Envelope Formation. Mol. Cell 17, 83–92. 
Antonin, W., Ungricht, R., and Kutay, U. (2011). Traversing the NPC along the pore membrane. 
Nucleus 2, 87–91. 
Arai, R., Ueda, H., Kitayama, A., Kamiya, N., and Nagamune, T. (2001). Design of the linkers 
which effectively separate domains of a bifunctional fusion protein. Protein Eng. 14, 529–532. 
Aramburu, I.V., and Lemke, E.A. (2017). Floppy but not sloppy: Interaction mechanism of FG-
nucleoporins and nuclear transport receptors. Semin. Cell Dev. Biol. 68, 34–41. 




Adell, M.A.Y., Vogel, G.F., Pakdel, M., Müller, M., Lindner, H., Hess, M.W., and Teis, D. 
(2014). Coordinated binding of Vps4 to ESCRT-III drives membrane neck constriction during 
MVB vesicle formation. J. Cell Biol. 205, 33–49. 
Ader, C., Frey, S., Maas, W., Schmidt, H.B., Gorlich, D., and Baldus, M. (2010). Amyloid-like 
interactions within nucleoporin FG hydrogels. Proc. Natl. Acad. Sci. 107, 6281–6285. 
Aerts, A.M., Zabrocki, P., Govaert, G., Mathys, J., Carmona-Gutierrez, D., Madeo, F., 
Winderickx, J., Cammue, B.P.A., and Thevissen, K. (2009). Mitochondrial dysfunction leads to 
reduced chronological lifespan and increased apoptosis in yeast. FEBS Lett. 583, 113–117. 
Aguilaniu, H., Gustafsson, L., Rigoulet, M., and Nyström, T. (2003). Asymmetric Inheritance of 
Oxidatively Damaged Proteins During Cytokinesis. Science (80-. ). 299, 1751–1753. 
Aitchison, J.D., and Rout, M.P. (2012). The yeast nuclear pore complex and transport through it. 
Genetics. 
Alamdari, D.H., Kostidou, E., Paletas, K., Sarigianni, M., Konstas, A.G.P., Karapiperidou, A., 
and Koliakos, G. (2005). High sensitivity enzyme-linked immunosorbent assay (ELISA) method 
for measuring protein carbonyl in samples with low amounts of protein. Free Radic. Biol. Med. 
39, 1362–1367. 
Alber, F., Dokudovskaya, S., Veenhoff, L.M., Zhang, W., Kipper, J., Devos, D., Suprapto, A., 
Karni-Schmidt, O., Williams, R., Chait, B.T., et al. (2007). The molecular architecture of the 
nuclear pore complex. Nature 450, 695–701. 
Albert, S., Schaffer, M., Beck, F., Mosalaganti, S., Asano, S., Thomas, H.F., Plitzko, J.M., Beck, 
M., Baumeister, W., and Engel, B.D. (2017a). Proteasomes tether to two distinct sites at the 
nuclear pore complex. Proc. Natl. Acad. Sci. U. S. A. 114, 13726–13731. 
Albert, S., Schaffer, M., Beck, F., Mosalaganti, S., Asano, S., Thomas, H.F., Plitzko, J.M., Beck, 
M., Baumeister, W., and Engel, B.D. (2017b). Proteasomes tether to two distinct sites at the 
nuclear pore complex. Proc. Natl. Acad. Sci. 114, 13726–13731. 
Allen, N.P.C., Patel, S.S., Huang, L., Chalkley, R.J., Burlingame, A., Lutzmann, M., Hurt, E.C., 
and Rexach, M. (2002). Deciphering networks of protein interactions at the nuclear pore complex. 
Mol. Cell. Proteomics 1, 930–946. 
Alonso Y Adell, M., Migliano, S.M., and Teis, D. (2016). ESCRT-III and Vps4: a dynamic 
multipurpose tool for membrane budding and scission. FEBS J. 283, 3288–3302. 
Antonin, W., Franz, C., Haselmann, U., Antony, C., and Mattaj, I.W. (2005). The Integral 
Membrane Nucleoporin pom121 Functionally Links Nuclear Pore Complex Assembly and 
Nuclear Envelope Formation. Mol. Cell 17, 83–92. 
Antonin, W., Ungricht, R., and Kutay, U. (2011). Traversing the NPC along the pore membrane. 
Nucleus 2, 87–91. 
Arai, R., Ueda, H., Kitayama, A., Kamiya, N., and Nagamune, T. (2001). Design of the linkers 
which effectively separate domains of a bifunctional fusion protein. Protein Eng. 14, 529–532. 
Aramburu, I.V., and Lemke, E.A. (2017). Floppy but not sloppy: Interaction mechanism of FG-
nucleoporins and nuclear transport receptors. Semin. Cell Dev. Biol. 68, 34–41. 




Recycling of ESCRTs by the AAA-ATPase Vps4 is regulated by a conserved VSL region in 
Vta1. J. Cell Biol. 172, 705–717. 
Bakker, E., Swain, P.S., and Crane, M.M. (2018). Morphologically constrained and data informed 
cell segmentation of budding yeast. Bioinformatics 34, 88–96. 
Balchin, D., Hayer-Hartl, M., and Hartl, F.U. (2016). In vivo aspects of protein folding and 
quality control. Science (80-. ). 353, aac4354–aac4354. 
Barlowe, C., Orci, L., Yeung, T., Hosobuchi, M., Hamamoto, S., Salama, N., Rexach, M.F., 
Ravazzola, M., Amherdt, M., and Schekman, R. (1994). COPII: a membrane coat formed by Sec 
proteins that drive vesicle budding from the endoplasmic reticulum. Cell 77, 895–907. 
Barral, Y., Mermall, V., Mooseker, M.S., and Snyder, M. (2000). Compartmentalization of the 
cell cortex by septins is required for maintenance of cell polarity in yeast. Mol. Cell 5, 841–851. 
Bayliss, R., Ribbeck, K., Akin, D., Kent, H.M., Feldherr, C.M., Görlich, D., and Stewart, M. 
(1999). Interaction between NTF2 and xFxFG-containing nucleoporins is required to mediate 
nuclear import of RanGDP 1 1Edited by I. B. Holland. J. Mol. Biol. 293, 579–593. 
Bayliss, R., Kent, H.M., Corbett, A.H., and Stewart, M. (2000). Crystallization and Initial X-Ray 
Diffraction Characterization of Complexes of FxFG Nucleoporin Repeats with Nuclear Transport 
Factors. J. Struct. Biol. 131, 240–247. 
Bayliss, R., Leung, S.W., Baker, R.P., Quimby, B.B., Corbett, A.H., and Stewart, M. (2002). 
Structural basis for the interaction between NTF2 and nucleoporin FxFG repeats. EMBO J. 21, 
2843–2853. 
Becker, J., Melchior, F., Gerke, V., Bischoff, F.R., Ponstingl, H., and Wittinghofer, A. (1995). 
RNA1 encodes a GTPase-activating protein specific for Gsp1p, the Ran/TC4 homologue of 
Saccharomyces cerevisiae. J. Biol. Chem. 270, 11860–11865. 
Ben-Zvi, A., Miller, E.A., and Morimoto, R.I. (2009). Collapse of proteostasis represents an early 
molecular event in Caenorhabditis elegans aging. Proc. Natl. Acad. Sci. 106, 14914–14919. 
Berlett, B.S., and Stadtman, E.R. (1997). Protein oxidation in aging, disease, and oxidative stress. 
J. Biol. Chem. 272, 20313–20316. 
Binai, N.A., Bisschops, M.M.M., Van Breukelen, B., Mohammed, S., Loeff, L., Pronk, J.T., 
Heck, A.J.R., Daran-Lapujade, P., and Slijper, M. (2014). Proteome adaptation of saccharomyces 
cerevisiae to severe calorie restriction in retentostat cultures. J. Proteome Res. 
Blenski, M., Kehlenbach, R., Blenski, M., and Kehlenbach, R.H. (2019). Targeting of LRRC59 to 
the Endoplasmic Reticulum and the Inner Nuclear Membrane. Int. J. Mol. Sci. 20, 334. 
Bley, C.J., Hoelz, A., Collins, L.N., Kossiakoff, A.A., Perriches, T., Koide, A., Hurt, E., Mayo, 
D.J., Schilbach, S., Jeon, Y.E., et al. (2015). Architecture of the fungal nuclear pore inner ring 
complex. Science (80-. ). 350, 56–64. 
Bodoor, K., Shaikh, S., Salina, D., Raharjo, W.H., Bastos, R., Lohka, M., and Burke, B. (1999). 
Sequential recruitment of NPC proteins to the nuclear periphery at the end of mitosis. J. Cell Sci. 
112 ( Pt 13), 2253–2264. 
Boender, L.G.M., de Hulster, E.A.F., van Maris, A.J.A., Daran-Lapujade, P.A.S., and Pronk, J.T. 





Appl. Environ. Microbiol. 75, 5607–5614. 
Boender, L.G.M., Almering, M.J.H., Dijk, M., van Maris, A.J.A., de Winde, J.H., Pronk, J.T., and 
Daran-Lapujade, P. (2011). Extreme calorie restriction and energy source starvation in 
Saccharomyces cerevisiae represent distinct physiological states. Biochim. Biophys. Acta - Mol. 
Cell Res. 
Boeynaems, S., Bogaert, E., Michiels, E., Gijselinck, I., Sieben, A., Jovičić, A., De Baets, G., 
Scheveneels, W., Steyaert, J., Cuijt, I., et al. (2016). Drosophila screen connects nuclear transport 
genes to DPR pathology in c9ALS/FTD. Sci. Rep. 6, 20877. 
Bogerd, A.M., Hoffman, J.A., Amberg, D.C., Fink, G.R., and Davis, L.I. (1994). nup1 mutants 
exhibit pleiotropic defects in nuclear pore complex function. J. Cell Biol. 127, 319–332. 
Boni, A., Politi, A.Z., Strnad, P., Xiang, W., Hossain, M.J., and Ellenberg, J. (2015). Live 
imaging and modeling of inner nuclear membrane targeting reveals its molecular requirements in 
mammalian cells. J. Cell Biol. 
Bonifacino, J.S., and Glick, B.S. (2004). The Mechanisms of Vesicle Budding and Fusion. Cell 
116, 153–166. 
Buchkovich, N.J., Henne, W.M., Tang, S., and Emr, S.D. (2013). Essential N-Terminal Insertion 
Motif Anchors the ESCRT-III Filament during MVB Vesicle Formation. Dev. Cell 27, 201–214. 
Bufalino, M.R., DeVeale, B., and van der Kooy, D. (2013). The asymmetric segregation of 
damaged proteins is stem cell-type dependent. J. Cell Biol. 
Burns, L.T., and Wente, S.R. (2012). Trafficking to uncharted territory of the nuclear envelope. 
Curr. Opin. Cell Biol. 24, 341–349. 
Burtner, C.R., Murakami, C.J., Olsen, B., Kennedy, B.K., and Kaeberlein, M. (2011). A genomic 
analysis of chronological longevity factors in budding yeast. Cell Cycle 10, 1385–1396. 
Cai, L., Dalal, C.K., and Elowitz, M.B. (2008). Frequency-modulated nuclear localization bursts 
coordinate gene regulation. Nature 455, 485–490. 
Carrasco, B., and García de la Torre, J. (1999). Hydrodynamic properties of rigid particles: 
comparison of different modeling and computational procedures. Biophys. J. 76, 3044–3057. 
Case, L.C., and Tessier-Lavigne, M. (2005). Regeneration of the adult central nervous system. 
Curr. Biol. 15, R749-53. 
Casey, A.K., Chen, S., Novick, P., Ferro-Novick, S., and Wente, S.R. (2015). Nuclear pore 
complex integrity requires Lnp1, a regulator of cortical endoplasmic reticulum. Mol. Biol. Cell 
26, 2833–2844. 
Casolari, J.M., Brown, C.R., Komili, S., West, J., Hieronymus, H., and Silver, P.A. (2004). 
Genome-wide localization of the nuclear transport machinery couples transcriptional status and 
nuclear organization. Cell 117, 427–439. 
Chadrin, A., Hess, B., San Roman, M., Gatti, X., Lombard, B., Loew, D., Barral, Y., Palancade, 
B., and Doye, V. (2010). Pom33, a novel transmembrane nucleoporin required for proper nuclear 
pore complex distribution. J. Cell Biol. 189, 795–811. 




Appl. Environ. Microbiol. 75, 5607–5614. 
Boender, L.G.M., Almering, M.J.H., Dijk, M., van Maris, A.J.A., de Winde, J.H., Pronk, J.T., and 
Daran-Lapujade, P. (2011). Extreme calorie restriction and energy source starvation in 
Saccharomyces cerevisiae represent distinct physiological states. Biochim. Biophys. Acta - Mol. 
Cell Res. 
Boeynaems, S., Bogaert, E., Michiels, E., Gijselinck, I., Sieben, A., Jovičić, A., De Baets, G., 
Scheveneels, W., Steyaert, J., Cuijt, I., et al. (2016). Drosophila screen connects nuclear transport 
genes to DPR pathology in c9ALS/FTD. Sci. Rep. 6, 20877. 
Bogerd, A.M., Hoffman, J.A., Amberg, D.C., Fink, G.R., and Davis, L.I. (1994). nup1 mutants 
exhibit pleiotropic defects in nuclear pore complex function. J. Cell Biol. 127, 319–332. 
Boni, A., Politi, A.Z., Strnad, P., Xiang, W., Hossain, M.J., and Ellenberg, J. (2015). Live 
imaging and modeling of inner nuclear membrane targeting reveals its molecular requirements in 
mammalian cells. J. Cell Biol. 
Bonifacino, J.S., and Glick, B.S. (2004). The Mechanisms of Vesicle Budding and Fusion. Cell 
116, 153–166. 
Buchkovich, N.J., Henne, W.M., Tang, S., and Emr, S.D. (2013). Essential N-Terminal Insertion 
Motif Anchors the ESCRT-III Filament during MVB Vesicle Formation. Dev. Cell 27, 201–214. 
Bufalino, M.R., DeVeale, B., and van der Kooy, D. (2013). The asymmetric segregation of 
damaged proteins is stem cell-type dependent. J. Cell Biol. 
Burns, L.T., and Wente, S.R. (2012). Trafficking to uncharted territory of the nuclear envelope. 
Curr. Opin. Cell Biol. 24, 341–349. 
Burtner, C.R., Murakami, C.J., Olsen, B., Kennedy, B.K., and Kaeberlein, M. (2011). A genomic 
analysis of chronological longevity factors in budding yeast. Cell Cycle 10, 1385–1396. 
Cai, L., Dalal, C.K., and Elowitz, M.B. (2008). Frequency-modulated nuclear localization bursts 
coordinate gene regulation. Nature 455, 485–490. 
Carrasco, B., and García de la Torre, J. (1999). Hydrodynamic properties of rigid particles: 
comparison of different modeling and computational procedures. Biophys. J. 76, 3044–3057. 
Case, L.C., and Tessier-Lavigne, M. (2005). Regeneration of the adult central nervous system. 
Curr. Biol. 15, R749-53. 
Casey, A.K., Chen, S., Novick, P., Ferro-Novick, S., and Wente, S.R. (2015). Nuclear pore 
complex integrity requires Lnp1, a regulator of cortical endoplasmic reticulum. Mol. Biol. Cell 
26, 2833–2844. 
Casolari, J.M., Brown, C.R., Komili, S., West, J., Hieronymus, H., and Silver, P.A. (2004). 
Genome-wide localization of the nuclear transport machinery couples transcriptional status and 
nuclear organization. Cell 117, 427–439. 
Chadrin, A., Hess, B., San Roman, M., Gatti, X., Lombard, B., Loew, D., Barral, Y., Palancade, 
B., and Doye, V. (2010). Pom33, a novel transmembrane nucleoporin required for proper nuclear 
pore complex distribution. J. Cell Biol. 189, 795–811. 




the Nucleotide Exchange Factor RCC1. Mol. Cell. Biol. 35, 566–581. 
Cheng, J., Türkel, N., Hemati, N., Fuller, M.T., Hunt, A.J., and Yamashita, Y.M. (2008). 
Centrosome misorientation reduces stem cell division during ageing. Nature 456, 599–604. 
Chiaruttini, N., Redondo-Morata, L., Colom, A., Humbert, F., Lenz, M., Scheuring, S., and Roux, 
A. (2015). Relaxation of Loaded ESCRT-III Spiral Springs Drives Membrane Deformation. Cell 
163, 866–879. 
Chiu, S.-L., Steinwald, P., Vidensky, S., Miller, S.J., Haeusler, A.R., Daley, E.L., Rothstein, J.D., 
Grima, J.C., Huganir, R.L., Lloyd, T.E., et al. (2015). The C9orf72 repeat expansion disrupts 
nucleocytoplasmic transport. Nature 525, 56–61. 
Choi, N.-H., Kim, J.-G., Yang, D.-J., Kim, Y.-S., and Yoo, M.-A. (2008). Age-related changes in 
Drosophila midgut are associated with PVF2, a PDGF/VEGF-like growth factor. Aging Cell 7, 
318–334. 
Christ, L., Wenzel, E.M., Liestøl, K., Raiborg, C., Campsteijn, C., and Stenmark, H. (2016). 
ALIX and ESCRT-I/II function as parallel ESCRT-III recruiters in cytokinetic abscission. J. Cell 
Biol. 212, 499–513. 
Clay, L., Caudron, F., Denoth-Lippuner, A., Boettcher, B., Buvelot Frei, S., Snapp, E.L., and 
Barral, Y. (2014). A sphingolipid-dependent diffusion barrier confines ER stress to the yeast 
mother cell. Elife 3, e01883. 
Cohen, A., Weindling, E., Rabinovich, E., Nachman, I., Fuchs, S., Chuartzman, S., Gal, L., 
Schuldiner, M., and Bar-Nun, S. (2016). Water-transfer slows aging in Saccharomyces cerevisiae. 
PLoS One 11. 
Colombi, P., Webster, B.M., Fröhlich, F., and Patrick Lusk, C. (2013). The transmission of 
nuclear pore complexes to daughter cells requires a cytoplasmic pool of Nsp1. J. Cell Biol. 
Crane, M.M., Clark, I.B.N., Bakker, E., Smith, S., and Swain, P.S. (2014). A microfluidic system 
for studying ageing and dynamic single-cell responses in budding yeast. PLoS One 9. 
Crimmins, E.M. (2015). Lifespan and Healthspan: Past, Present, and Promise. Gerontologist 55, 
901–911. 
Cutler, A.A., Dammer, E.B., Doung, D.M., Seyfried, N.T., Corbett, A.H., and Pavlath, G.K. 
(2017). Biochemical isolation of myonuclei employed to define changes to the myonuclear 
proteome that occur with aging. Aging Cell 16, 738–749. 
D’Angelo, M.A., and Hetzer, M.W. (2008). Structure, dynamics and function of nuclear pore 
complexes. Trends Cell Biol. 
D’Angelo, M.A., Raices, M., Panowski, S.H., and Hetzer, M.W. (2009). Age-Dependent 
Deterioration of Nuclear Pore Complexes Causes a Loss of Nuclear Integrity in Postmitotic Cells. 
Cell 136, 284–295. 
D’Mello, N.P., and Jazwinski, S.M. (1991). Telomere length constancy during aging of 
Saccharomyces cerevisiae. J. Bacteriol. 173, 6709–6713. 
Dang, W., Steffen, K.K., Perry, R., Dorsey, J.A., Johnson, F.B., Shilatifard, A., Kaeberlein, M., 
Kennedy, B.K., and Berger, S.L. (2009). Histone H4 lysine 16 acetylation regulates cellular 





David, D.C., Ollikainen, N., Trinidad, J.C., Cary, M.P., Burlingame, A.L., and Kenyon, C. 
(2010). Widespread Protein Aggregation as an Inherent Part of Aging in C. elegans. PLoS Biol. 8, 
e1000450. 
Dawson, T.R., Lazarus, M.D., Hetzer, M.W., and Wente, S.R. (2009). ER membrane-bending 
proteins are necessary for de novo nuclear pore formation. J. Cell Biol. 184, 659–675. 
Denais, C.M., Gilbert, R.M., Isermann, P., McGregor, A.L., te Lindert, M., Weigelin, B., 
Davidson, P.M., Friedl, P., Wolf, K., and Lammerding, J. (2016). Nuclear envelope rupture and 
repair during cancer cell migration. Science 352, 353–358. 
Denning, D., Mykytka, B., Allen, N.P.C., Huang, L., Al Burlingame, and Rexach, M. (2001). The 
nucleoporin Nup60p functions as a Gsp1p–GTP-sensitive tether for Nup2p at the nuclear pore 
complex. J. Cell Biol. 154, 937–950. 
Denoth-Lippuner, A., Krzyzanowski, M.K., Stober, C., and Barral, Y. (2014). Role of SAGA in 
the asymmetric segregation of DNA circles during yeast ageing. Elife 3. 
Denoth Lippuner, A., Julou, T., and Barral, Y. (2014). Budding yeast as a model organism to 
study the effects of age. FEMS Microbiol. Rev. 38, 300–325. 
Dieppois, G., Iglesias, N., and Stutz, F. (2006). Cotranscriptional Recruitment to the mRNA 
Export Receptor Mex67p Contributes to Nuclear Pore Anchoring of Activated Genes. Mol. Cell. 
Biol. 26, 7858–7870. 
Dilworth, D.J., Suprapto, A., Padovan, J.C., Chait, B.T., Wozniak, R.W., Rout, M.P., and 
Aitchison, J.D. (2001). Nup2p dynamically associates with the distal regions of the yeast nuclear 
pore complex. J. Cell Biol. 153, 1465–1478. 
Dingwall, C., and Laskey, R.A. (1991). Nuclear targeting sequences — a consensus? Trends 
Biochem. Sci. 16, 478–481. 
Dixon, C.R., and Schirmer, E.C. (2018). Navigating the Nuclear Envelope: One or Multiple 
Transport Mechanisms for Integral Membrane Proteins? (Springer, Cham), pp. 151–177. 
Dokudovskaya, S., Waharte, F., Schlessinger, A., Pieper, U., Devos, D.P., Cristea, I.M., Williams, 
R., Salamero, J., Chait, B.T., Sali, A., et al. (2011). A conserved coatomer-related complex 
containing Sec13 and Seh1 dynamically associates with the vacuole in Saccharomyces cerevisiae. 
Mol. Cell. Proteomics 10, M110.006478. 
Dölker, N., Zachariae, U., and Grubmüller, H. (2010). Hydrophilic Linkers and Polar Contacts 
Affect Aggregation of FG Repeat Peptides. Biophys. J. 98, 2653–2661. 
Dultz, E., and Ellenberg, J. (2010). Live imaging of single nuclear pores reveals unique assembly 
kinetics and mechanism in interphase. J. Cell Biol. 191, 15–22. 
Dultz, E., Zanin, E., Wurzenberger, C., Braun, M., Rabut, G., Sironi, L., and Ellenberg, J. (2008). 
Systematic kinetic analysis of mitotic dis- and reassembly of the nuclear pore in living cells. J. 
Cell Biol. 180, 857–865. 
Eftekharzadeh, B., Daigle, J.G., Kapinos, L.E., Coyne, A., Schiantarelli, J., Carlomagno, Y., 
Cook, C., Miller, S.J., Dujardin, S., Amaral, A.S., et al. (2018). Tau Protein Disrupts 
Nucleocytoplasmic Transport in Alzheimer’s Disease. Neuron 99, 925-940.e7. 




David, D.C., Ollikainen, N., Trinidad, J.C., Cary, M.P., Burlingame, A.L., and Kenyon, C. 
(2010). Widespread Protein Aggregation as an Inherent Part of Aging in C. elegans. PLoS Biol. 8, 
e1000450. 
Dawson, T.R., Lazarus, M.D., Hetzer, M.W., and Wente, S.R. (2009). ER membrane-bending 
proteins are necessary for de novo nuclear pore formation. J. Cell Biol. 184, 659–675. 
Denais, C.M., Gilbert, R.M., Isermann, P., McGregor, A.L., te Lindert, M., Weigelin, B., 
Davidson, P.M., Friedl, P., Wolf, K., and Lammerding, J. (2016). Nuclear envelope rupture and 
repair during cancer cell migration. Science 352, 353–358. 
Denning, D., Mykytka, B., Allen, N.P.C., Huang, L., Al Burlingame, and Rexach, M. (2001). The 
nucleoporin Nup60p functions as a Gsp1p–GTP-sensitive tether for Nup2p at the nuclear pore 
complex. J. Cell Biol. 154, 937–950. 
Denoth-Lippuner, A., Krzyzanowski, M.K., Stober, C., and Barral, Y. (2014). Role of SAGA in 
the asymmetric segregation of DNA circles during yeast ageing. Elife 3. 
Denoth Lippuner, A., Julou, T., and Barral, Y. (2014). Budding yeast as a model organism to 
study the effects of age. FEMS Microbiol. Rev. 38, 300–325. 
Dieppois, G., Iglesias, N., and Stutz, F. (2006). Cotranscriptional Recruitment to the mRNA 
Export Receptor Mex67p Contributes to Nuclear Pore Anchoring of Activated Genes. Mol. Cell. 
Biol. 26, 7858–7870. 
Dilworth, D.J., Suprapto, A., Padovan, J.C., Chait, B.T., Wozniak, R.W., Rout, M.P., and 
Aitchison, J.D. (2001). Nup2p dynamically associates with the distal regions of the yeast nuclear 
pore complex. J. Cell Biol. 153, 1465–1478. 
Dingwall, C., and Laskey, R.A. (1991). Nuclear targeting sequences — a consensus? Trends 
Biochem. Sci. 16, 478–481. 
Dixon, C.R., and Schirmer, E.C. (2018). Navigating the Nuclear Envelope: One or Multiple 
Transport Mechanisms for Integral Membrane Proteins? (Springer, Cham), pp. 151–177. 
Dokudovskaya, S., Waharte, F., Schlessinger, A., Pieper, U., Devos, D.P., Cristea, I.M., Williams, 
R., Salamero, J., Chait, B.T., Sali, A., et al. (2011). A conserved coatomer-related complex 
containing Sec13 and Seh1 dynamically associates with the vacuole in Saccharomyces cerevisiae. 
Mol. Cell. Proteomics 10, M110.006478. 
Dölker, N., Zachariae, U., and Grubmüller, H. (2010). Hydrophilic Linkers and Polar Contacts 
Affect Aggregation of FG Repeat Peptides. Biophys. J. 98, 2653–2661. 
Dultz, E., and Ellenberg, J. (2010). Live imaging of single nuclear pores reveals unique assembly 
kinetics and mechanism in interphase. J. Cell Biol. 191, 15–22. 
Dultz, E., Zanin, E., Wurzenberger, C., Braun, M., Rabut, G., Sironi, L., and Ellenberg, J. (2008). 
Systematic kinetic analysis of mitotic dis- and reassembly of the nuclear pore in living cells. J. 
Cell Biol. 180, 857–865. 
Eftekharzadeh, B., Daigle, J.G., Kapinos, L.E., Coyne, A., Schiantarelli, J., Carlomagno, Y., 
Cook, C., Miller, S.J., Dujardin, S., Amaral, A.S., et al. (2018). Tau Protein Disrupts 
Nucleocytoplasmic Transport in Alzheimer’s Disease. Neuron 99, 925-940.e7. 




is required for nuclear pore complex assembly. J. Cell Sci. 127, 908–921. 
Ellenberg, J., Siggia, E.D., Moreira, J.E., Smith, C.L., Presley, J.F., Worman, H.J., and 
Lippincott-Schwartz, J. (1997). Nuclear membrane dynamics and reassembly in living cells: 
targeting of an inner nuclear membrane protein in interphase and mitosis. J. Cell Biol. 138, 1193–
1206. 
Fabrizio, P., Pozza, F., Pletcher, S.D., Gendron, C.M., and Longo, V.D. (2001). Regulation of 
Longevity and Stress Resistance by Sch9 in Yeast. Science (80-. ). 292, 288–290. 
Fehrmann, S., Paoletti, C., Goulev, Y., Ungureanu, A., Aguilaniu, H., and Charvin, G. (2013). 
Aging yeast cells undergo a sharp entry into senescence unrelated to the loss of mitochondrial 
membrane potential. Cell Rep. 
Fernandez-Martinez, J., Kim, S.J., Shi, Y., Upla, P., Pellarin, R., Gagnon, M., Chemmama, I.E., 
Wang, J., Nudelman, I., Zhang, W., et al. (2016). Structure and Function of the Nuclear Pore 
Complex Cytoplasmic mRNA Export Platform. Cell 167, 1215-1228.e25. 
Feser, J., Truong, D., Das, C., Carson, J.J., Kieft, J., Harkness, T., and Tyler, J.K. (2010). 
Elevated Histone Expression Promotes Life Span Extension. Mol. Cell 39, 724–735. 
Fichtman, B., and Harel, A. (2014). Stress and aging at the nuclear gateway. Mech. Ageing Dev. 
135, 24–32. 
Fischer, J., Teimer, R., Amlacher, S., Kunze, R., and Hurt, E. (2015). Linker Nups connect the 
nuclear pore complex inner ring with the outer ring and transport channel. Nat. Struct. &amp; 
Mol. Biol. 
Fiserova, J., and Goldberg, M.W. (2010). Nucleocytoplasmic transport in yeast: a few roles for 
many actors. Biochem. Soc. Trans. 38, 273–277. 
Fontana, L., Partridge, L., and Longo, V.D. (2010). Extending Healthy Life Span--From Yeast to 
Humans. Science (80-. ). 328, 321–326. 
Freibaum, B.D., Lu, Y., Lopez-Gonzalez, R., Kim, N.C., Almeida, S., Lee, K.-H., Badders, N., 
Valentine, M., Miller, B.L., Wong, P.C., et al. (2015). GGGGCC repeat expansion in C9orf72 
compromises nucleocytoplasmic transport. Nature 525, 129–133. 
Frey, S., and Görlich, D. (2007). A saturated FG-repeat hydrogel can reproduce the permeability 
properties of nuclear pore complexes. Cell 130, 512–523. 
Frey, S., Richter, R.P., and Görlich, D. (2006). FG-rich repeats of nuclear pore proteins form a 
three-dimensional meshwork with hydrogel-like properties. Science 314, 815–817. 
Frey, S., Rees, R., Schünemann, J., Ng, S.C., Fünfgeld, K., Huyton, T., and Görlich, D. (2018). 
Surface Properties Determining Passage Rates of Proteins through Nuclear Pores. Cell 174, 202-
217.e9. 
Frontera, W.R., Hughes, V.A., Fielding, R.A., Fiatarone, M.A., Evans, W.J., and Roubenoff, R. 
(2000). Aging of skeletal muscle: a 12-yr longitudinal study. J. Appl. Physiol. 88, 1321–1326. 
Fujita, T., Iwasa, J., and Hansch, C. (1964). A New Substituent Constant, π, Derived from 
Partition Coefficients. J. Am. Chem. Soc. 86, 5175–5180. 





Biol. 54, 19–25. 
Gaik, M., Flemming, D., von Appen, A., Kastritis, P., Mücke, N., Fischer, J., Stelter, P., Ori, A., 
Bui, K.H., Baßler, J., et al. (2015). Structural basis for assembly and function of the Nup82 
complex in the nuclear pore scaffold. J. Cell Biol. 208, 283–297. 
Galea, C.A., Wang, Y., Sivakolundu, S.G., and Kriwacki, R.W. (2008). Regulation of Cell 
Division by Intrinsically Unstructured Proteins: Intrinsic Flexibility, Modularity, and Signaling 
Conduits †. Biochemistry 47, 7598–7609. 
Geertsma, E.R., Groeneveld, M., Slotboom, D.-J., and Poolman, B. (2008). Quality control of 
overexpressed membrane proteins. Proc. Natl. Acad. Sci. U. S. A. 105, 5722–5727. 
Gehlen, L.R., Nagai, S., Shimada, K., Meister, P., Taddei, A., and Gasser, S.M. (2011). Nuclear 
Geometry and Rapid Mitosis Ensure Asymmetric Episome Segregation in Yeast. Curr. Biol. 21, 
25–33. 
Ghavami, A., van der Giessen, E., and Onck, P.R. (2013a). Coarse-Grained Potentials for Local 
Interactions in Unfolded Proteins. J. Chem. Theory Comput. 9, 432–440. 
Ghavami, A., van der Giessen, E., and Onck, P.R. (2013b). Coarse-Grained Potentials for Local 
Interactions in Unfolded Proteins. J. Chem. Theory Comput. 9, 432–440. 
Ghavami, A., Veenhoff, L.M., Van Der Giessen, E., and Onck, P.R. (2014). Probing the 
disordered domain of the nuclear pore complex through coarse-grained molecular dynamics 
simulations. Biophys. J. 
Ghazi-Tabatabai, S., Saksena, S., Short, J.M., Pobbati, A. V., Veprintsev, D.B., Crowther, R.A., 
Emr, S.D., Egelman, E.H., and Williams, R.L. (2008). Structure and Disassembly of Filaments 
Formed by the ESCRT-III Subunit Vps24. Structure 16, 1345–1356. 
Gibson, M.C., and Schultz, E. (1983). Age-related differences in absolute numbers of skeletal 
muscle satellite cells. Muscle Nerve 6, 574–580. 
Goldberg, M.W. (2017). Nuclear pore complex tethers to the cytoskeleton. Semin. Cell Dev. Biol. 
68, 52–58. 
Goldberg, A.A., Bourque, S.D., Kyryakov, P., Gregg, C., Boukh-Viner, T., Beach, A., Burstein, 
M.T., Machkalyan, G., Richard, V., Rampersad, S., et al. (2009). Effect of calorie restriction on 
the metabolic history of chronologically aging yeast. Exp. Gerontol. 44, 555–571. 
Goldberg, M.W., Wiese, C., Allen, T.D., and Wilson, K.L. (1997). Dimples, pores, star-rings, and 
thin rings on growing nuclear envelopes: evidence for structural intermediates in nuclear pore 
complex assembly. J. Cell Sci. 110 ( Pt 4), 409–420. 
Goldfarb, D.S., Gariépy, J., Schoolnik, G., and Kornberg, R.D. (1986). Synthetic peptides as 
nuclear localization signals. Nature 322, 641–644. 
Gomez-Navarro, N., and Miller, E.A. (2016). COP-coated vesicles. Curr. Biol. 26, R54–R57. 
Goodchild, R.E., Buchwalter, A.L., Naismith, T. V, Holbrook, K., Billion, K., Dauer, W.T., 
Liang, C.-C., Dear, M.L., and Hanson, P.I. (2015). Access of torsinA to the inner nuclear 





Biol. 54, 19–25. 
Gaik, M., Flemming, D., von Appen, A., Kastritis, P., Mücke, N., Fischer, J., Stelter, P., Ori, A., 
Bui, K.H., Baßler, J., et al. (2015). Structural basis for assembly and function of the Nup82 
complex in the nuclear pore scaffold. J. Cell Biol. 208, 283–297. 
Galea, C.A., Wang, Y., Sivakolundu, S.G., and Kriwacki, R.W. (2008). Regulation of Cell 
Division by Intrinsically Unstructured Proteins: Intrinsic Flexibility, Modularity, and Signaling 
Conduits †. Biochemistry 47, 7598–7609. 
Geertsma, E.R., Groeneveld, M., Slotboom, D.-J., and Poolman, B. (2008). Quality control of 
overexpressed membrane proteins. Proc. Natl. Acad. Sci. U. S. A. 105, 5722–5727. 
Gehlen, L.R., Nagai, S., Shimada, K., Meister, P., Taddei, A., and Gasser, S.M. (2011). Nuclear 
Geometry and Rapid Mitosis Ensure Asymmetric Episome Segregation in Yeast. Curr. Biol. 21, 
25–33. 
Ghavami, A., van der Giessen, E., and Onck, P.R. (2013a). Coarse-Grained Potentials for Local 
Interactions in Unfolded Proteins. J. Chem. Theory Comput. 9, 432–440. 
Ghavami, A., van der Giessen, E., and Onck, P.R. (2013b). Coarse-Grained Potentials for Local 
Interactions in Unfolded Proteins. J. Chem. Theory Comput. 9, 432–440. 
Ghavami, A., Veenhoff, L.M., Van Der Giessen, E., and Onck, P.R. (2014). Probing the 
disordered domain of the nuclear pore complex through coarse-grained molecular dynamics 
simulations. Biophys. J. 
Ghazi-Tabatabai, S., Saksena, S., Short, J.M., Pobbati, A. V., Veprintsev, D.B., Crowther, R.A., 
Emr, S.D., Egelman, E.H., and Williams, R.L. (2008). Structure and Disassembly of Filaments 
Formed by the ESCRT-III Subunit Vps24. Structure 16, 1345–1356. 
Gibson, M.C., and Schultz, E. (1983). Age-related differences in absolute numbers of skeletal 
muscle satellite cells. Muscle Nerve 6, 574–580. 
Goldberg, M.W. (2017). Nuclear pore complex tethers to the cytoskeleton. Semin. Cell Dev. Biol. 
68, 52–58. 
Goldberg, A.A., Bourque, S.D., Kyryakov, P., Gregg, C., Boukh-Viner, T., Beach, A., Burstein, 
M.T., Machkalyan, G., Richard, V., Rampersad, S., et al. (2009). Effect of calorie restriction on 
the metabolic history of chronologically aging yeast. Exp. Gerontol. 44, 555–571. 
Goldberg, M.W., Wiese, C., Allen, T.D., and Wilson, K.L. (1997). Dimples, pores, star-rings, and 
thin rings on growing nuclear envelopes: evidence for structural intermediates in nuclear pore 
complex assembly. J. Cell Sci. 110 ( Pt 4), 409–420. 
Goldfarb, D.S., Gariépy, J., Schoolnik, G., and Kornberg, R.D. (1986). Synthetic peptides as 
nuclear localization signals. Nature 322, 641–644. 
Gomez-Navarro, N., and Miller, E.A. (2016). COP-coated vesicles. Curr. Biol. 26, R54–R57. 
Goodchild, R.E., Buchwalter, A.L., Naismith, T. V, Holbrook, K., Billion, K., Dauer, W.T., 
Liang, C.-C., Dear, M.L., and Hanson, P.I. (2015). Access of torsinA to the inner nuclear 





Granados, A.A., Crane, M.M., Montano-Gutierrez, L.F., Tanaka, R.J., Voliotis, M., and Swain, 
P.S. (2017). Distributing tasks via multiple input pathways increases cellular survival in stress. 
Elife 6. 
Grima, J.C., Daigle, J.G., Arbez, N., Cunningham, K.C., Zhang, K., Ochaba, J., Geater, C., 
Morozko, E., Stocksdale, J., Glatzer, J.C., et al. (2017). Mutant Huntingtin Disrupts the Nuclear 
Pore Complex. Neuron 94, 93-107.e6. 
Grund, S.E., Fischer, T., Cabal, G.G., Antúnez, O., Pérez-Ortín, J.E., and Hurt, E. (2008). The 
inner nuclear membrane protein Src1 associates with subtelomeric genes and alters their regulated 
gene expression. J. Cell Biol. 182, 897–910. 
Gu, M., LaJoie, D., Chen, O.S., von Appen, A., Ladinsky, M.S., Redd, M.J., Nikolova, L., 
Bjorkman, P.J., Sundquist, W.I., Ullman, K.S., et al. (2017). LEM2 recruits CHMP7 for ESCRT-
mediated nuclear envelope closure in fission yeast and human cells. Proc. Natl. Acad. Sci. U. S. 
A. 114, E2166–E2175. 
de Haan, G., Nijhof, W., and Van Zant, G. (1997). Mouse strain-dependent changes in frequency 
and proliferation of hematopoietic stem cells during aging: correlation between lifespan and 
cycling activity. Blood 89, 1543–1550. 
Halfmann, R., Wright, J.R., Alberti, S., Lindquist, S., and Rexach, M. (2012). Prion formation by 
a yeast GLFG nucleoporin. Prion 6, 391–399. 
Hanson, J.A., Brokaw, J., Hayden, C.C., Chu, J.-W., and Yang, H. (2012). Structural distributions 
from single-molecule measurements as a tool for molecular mechanics. Chem. Phys. 396, 61–71. 
Hanzén, S., Vielfort, K., Yang, J., Roger, F., Andersson, V., Zamarbide-Forés, S., Andersson, R., 
Malm, L., Palais, G., Biteau, B., et al. (2016). Lifespan Control by Redox-Dependent Recruitment 
of Chaperones to Misfolded Proteins. Cell 166, 140–151. 
Hao, N., and O’Shea, E.K. (2011). Signal-dependent dynamics of transcription factor 
translocation controls gene expression. Nat. Struct. Mol. Biol. 19, 31–39. 
Hao, N., Budnik, B.A., Gunawardena, J., and O’Shea, E.K. (2013). Tunable signal processing 
through modular control of transcription factor translocation. Science 339, 460–464. 
Haraguchi, T., Koujin, T., Hayakawa, T., Kaneda, T., Tsutsumi, C., Imamoto, N., Akazawa, C., 
Sukegawa, J., Yoneda, Y., and Hiraoka, Y. (2000). Live fluorescence imaging reveals early 
recruitment of emerin, LBR, RanBP2, and Nup153 to reforming functional nuclear envelopes. J. 
Cell Sci. 113 ( Pt 5), 779–794. 
Harris, N., MacLean, M., Hatzianthis, K., Panaretou, B., and Piper, P.W. (2001). Increasing 
Saccharomyces cerevisiae stress resistance, through the overactivation of the heat shock response 
resulting from defects in the Hsp90 chaperone, does not extend replicative life span but can be 
associated with slower chronological ageing of nondividing cells. Mol. Genet. Genomics 265, 
258–263. 
Haruki, H., Nishikawa, J., and Laemmli, U.K. (2008). The Anchor-Away Technique: Rapid, 
Conditional Establishment of Yeast Mutant Phenotypes. Mol. Cell. 
Hayama, R., Sparks, S., Hecht, L.M., Dutta, K., Karp, J.M., Cabana, C.M., Rout, M.P., and 
Cowburn, D. (2018). Thermodynamic characterization of the multivalent interactions underlying 






Hayflick, L. (2007). Biological Aging Is No Longer an Unsolved Problem. Ann. N. Y. Acad. Sci. 
1100, 1–13. 
Henderson, K.A., and Gottschling, D.E. (2008). A mother’s sacrifice: what is she keeping for 
herself? Curr. Opin. Cell Biol. 20, 723–728. 
Henderson, K.A., Hughes, A.L., and Gottschling, D.E. (2014). Mother-daughter asymmetry of pH 
underlies aging and rejuvenation in yeast. Elife 3. 
Henne, W.M., Buchkovich, N.J., Zhao, Y., and Emr, S.D. (2012). The Endosomal Sorting 
Complex ESCRT-II Mediates the Assembly and Architecture of ESCRT-III Helices. Cell 151, 
356–371. 
Higuchi-Sanabria, R., Pernice, W.M.A., Vevea, J.D., Alessi Wolken, D.M., Boldogh, I.R., and 
Pon, L.A. (2014). Role of asymmetric cell division in lifespan control in Saccharomyces 
cerevisiae. FEMS Yeast Res. 14, 1133–1146. 
Hill, S.M., Hao, X., Grö, J., Kaganovich, D., Liu, B., Nyströ, T., Grö Nvall, J., Spikings-Nordby, 
S., Widlund, P.O., Amen, T., et al. (2016). Asymmetric Inheritance of Aggregated Proteins and 
Age Reset in Yeast Are Regulated by Vac17- Dependent Vacuolar Functions Asymmetric 
Inheritance of Aggregated Proteins and Age Reset in Yeast Are Regulated by Vac17-Dependent 
Vacuolar Functions. CellReports 16, 826–838. 
Hinshaw, J.E., and Milligan, R.A. (2003). Nuclear pore complexes exceeding eightfold rotational 
symmetry. J. Struct. Biol. 141, 259–268. 
Hodel, A.E., Harreman, M.T., Pulliam, K.F., Harben, M.E., Holmes, J.S., Hodel, M.R., Berland, 
K.M., and Corbett, A.H. (2006). Nuclear Localization Signal Receptor Affinity Correlates with in 
Vivo Localization in Saccharomyces cerevisiae. J. Biol. Chem. 281, 23545–23556. 
Hodge, C.A., Choudhary, V., Wolyniak, M.J., Scarcelli, J.J., Schneiter, R., and Cole, C.N. (2010). 
Integral membrane proteins Brr6 and Apq12 link assembly of the nuclear pore complex to lipid 
homeostasis in the endoplasmic reticulum. J. Cell Sci. 123, 141–151. 
Holmer, L., and Worman, H.J. (2001). Inner nuclear membrane proteins: functions and targeting. 
Cell. Mol. Life Sci. 58, 1741–1747. 
Hu, J., Wei, M., Mirisola, M.G., and Longo, V.D. (2013). Assessing chronological aging in 
Saccharomyces cerevisiae. Methods Mol. Biol. 
Huberts, D.H.E.W., Sik Lee, S., González, J., Janssens, G.E., Vizcarra, I.A., and Heinemann, M. 
(2013). Construction and use of a microfluidic dissection platform for long-term imaging of 
cellular processes in budding yeast. Nat. Protoc. 8, 1019–1027. 
Huberts, D.H.E.W., González, J., Lee, S.S., Litsios, A., Hubmann, G., Wit, E.C., and Heinemann, 
M. (2014). Calorie restriction does not elicit a robust extension of replicative lifespan in 
Saccharomyces cerevisiae. Proc. Natl. Acad. Sci. 111, 11727–11731. 
Huh, W.-K., Falvo, J. V., Gerke, L.C., Carroll, A.S., Howson, R.W., Weissman, J.S., and O’Shea, 
E.K. (2003). Global analysis of protein localization in budding yeast. Nature 425, 686–691. 
Hurley, J.H. (2010). The ESCRT complexes. Crit. Rev. Biochem. Mol. Biol. 45, 463–487. 
Hurt, E., and Beck, M. (2015). Towards understanding nuclear pore complex architecture and 




Hayflick, L. (2007). Biological Aging Is No Longer an Unsolved Problem. Ann. N. Y. Acad. Sci. 
1100, 1–13. 
Henderson, K.A., and Gottschling, D.E. (2008). A mother’s sacrifice: what is she keeping for 
herself? Curr. Opin. Cell Biol. 20, 723–728. 
Henderson, K.A., Hughes, A.L., and Gottschling, D.E. (2014). Mother-daughter asymmetry of pH 
underlies aging and rejuvenation in yeast. Elife 3. 
Henne, W.M., Buchkovich, N.J., Zhao, Y., and Emr, S.D. (2012). The Endosomal Sorting 
Complex ESCRT-II Mediates the Assembly and Architecture of ESCRT-III Helices. Cell 151, 
356–371. 
Higuchi-Sanabria, R., Pernice, W.M.A., Vevea, J.D., Alessi Wolken, D.M., Boldogh, I.R., and 
Pon, L.A. (2014). Role of asymmetric cell division in lifespan control in Saccharomyces 
cerevisiae. FEMS Yeast Res. 14, 1133–1146. 
Hill, S.M., Hao, X., Grö, J., Kaganovich, D., Liu, B., Nyströ, T., Grö Nvall, J., Spikings-Nordby, 
S., Widlund, P.O., Amen, T., et al. (2016). Asymmetric Inheritance of Aggregated Proteins and 
Age Reset in Yeast Are Regulated by Vac17- Dependent Vacuolar Functions Asymmetric 
Inheritance of Aggregated Proteins and Age Reset in Yeast Are Regulated by Vac17-Dependent 
Vacuolar Functions. CellReports 16, 826–838. 
Hinshaw, J.E., and Milligan, R.A. (2003). Nuclear pore complexes exceeding eightfold rotational 
symmetry. J. Struct. Biol. 141, 259–268. 
Hodel, A.E., Harreman, M.T., Pulliam, K.F., Harben, M.E., Holmes, J.S., Hodel, M.R., Berland, 
K.M., and Corbett, A.H. (2006). Nuclear Localization Signal Receptor Affinity Correlates with in 
Vivo Localization in Saccharomyces cerevisiae. J. Biol. Chem. 281, 23545–23556. 
Hodge, C.A., Choudhary, V., Wolyniak, M.J., Scarcelli, J.J., Schneiter, R., and Cole, C.N. (2010). 
Integral membrane proteins Brr6 and Apq12 link assembly of the nuclear pore complex to lipid 
homeostasis in the endoplasmic reticulum. J. Cell Sci. 123, 141–151. 
Holmer, L., and Worman, H.J. (2001). Inner nuclear membrane proteins: functions and targeting. 
Cell. Mol. Life Sci. 58, 1741–1747. 
Hu, J., Wei, M., Mirisola, M.G., and Longo, V.D. (2013). Assessing chronological aging in 
Saccharomyces cerevisiae. Methods Mol. Biol. 
Huberts, D.H.E.W., Sik Lee, S., González, J., Janssens, G.E., Vizcarra, I.A., and Heinemann, M. 
(2013). Construction and use of a microfluidic dissection platform for long-term imaging of 
cellular processes in budding yeast. Nat. Protoc. 8, 1019–1027. 
Huberts, D.H.E.W., González, J., Lee, S.S., Litsios, A., Hubmann, G., Wit, E.C., and Heinemann, 
M. (2014). Calorie restriction does not elicit a robust extension of replicative lifespan in 
Saccharomyces cerevisiae. Proc. Natl. Acad. Sci. 111, 11727–11731. 
Huh, W.-K., Falvo, J. V., Gerke, L.C., Carroll, A.S., Howson, R.W., Weissman, J.S., and O’Shea, 
E.K. (2003). Global analysis of protein localization in budding yeast. Nature 425, 686–691. 
Hurley, J.H. (2010). The ESCRT complexes. Crit. Rev. Biochem. Mol. Biol. 45, 463–487. 
Hurt, E., and Beck, M. (2015). Towards understanding nuclear pore complex architecture and 




Ibarra, A., and Hetzer, M.W. (2015). Nuclear pore proteins and the control of genome functions. 
Genes Dev. 29, 337–349. 
Iovine, M.K., Watkins, J.L., and Wente, S.R. (1995). The GLFG repetitive region of the 
nucleoporin Nup116p interacts with Kap95p, an essential yeast nuclear import factor. J. Cell Biol. 
131, 1699–1713. 
Jakubowski, W., Biliński, T., and Bartosz, G. (2000). Oxidative stress during aging of stationary 
cultures of the yeast Saccharomyces cerevisiae. Free Radic. Biol. Med. 28, 659–664. 
Jani, D., Valkov, E., and Stewart, M. (2014). Structural basis for binding the TREX2 complex to 
nuclear pores, GAL1 localisation and mRNA export. Nucleic Acids Res. 42, 6686–6697. 
Janke, C., Magiera, M.M., Rathfelder, N., Taxis, C., Reber, S., Maekawa, H., Moreno-Borchart, 
A., Doenges, G., Schwob, E., Schiebel, E., et al. (2004). A versatile toolbox for PCR-based 
tagging of yeast genes: New fluorescent proteins, more markers and promoter substitution 
cassettes. Yeast. 
Janssens, G., and Veenhoff, L. (2016a). Evidence for the hallmarks of human aging in 
replicatively aging yeast. Microb. Cell 3, 263–274. 
Janssens, G.E., and Veenhoff, L.M. (2016b). The Natural Variation in Lifespans of Single Yeast 
Cells Is Related to Variation in Cell Size, Ribosomal Protein, and Division Time. PLoS One 11, 
e0167394. 
Janssens, G.E., Meinema, A.C., Gonz??lez, J., Wolters, J.C., Schmidt, A., Guryev, V., Bischoff, 
R., Wit, E.C., Veenhoff, L.M., and Heinemann, M. (2015). Protein biogenesis machinery is a 
driver of replicative aging in yeast. Elife 4. 
Jo, M.C., Liu, W., Gu, L., Dang, W., and Qin, L. (2015). High-throughput analysis of yeast 
replicative aging using a microfluidic system. Proc. Natl. Acad. Sci. 112, 9364–9369. 
Johnston, J.R. (1966). Reproductive capacity and mode of death of yeast cells. Antonie Van 
Leeuwenhoek 32, 94–98. 
Jovanovic-Talisman, T., Tetenbaum-Novatt, J., McKenney, A.S., Zilman, A., Peters, R., Rout, 
M.P., and Chait, B.T. (2009). Artificial nanopores that mimic the transport selectivity of the 
nuclear pore complex. Nature 457, 1023–1027. 
Jovičić, A., Mertens, J., Boeynaems, S., Bogaert, E., Chai, N., Yamada, S.B., Paul, J.W., Sun, S., 
Herdy, J.R., Bieri, G., et al. (2015). Modifiers of C9orf72 dipeptide repeat toxicity connect 
nucleocytoplasmic transport defects to FTD/ALS. Nat. Neurosci. 18, 1226–1229. 
Juszkiewicz, S., and Hegde, R.S. (2018). Quality Control of Orphaned Proteins. Mol. Cell 71, 
443–457. 
Kaffman, A., Rank, N.M., and O’Shea, E.K. (1998). Phosphorylation regulates association of the 
transcription factor Pho4 with its import receptor Pse1/Kap121. Genes Dev. 12, 2673–2683. 
Kampinga, H.H., and Bergink, S. (2016). Heat shock proteins as potential targets for protective 
strategies in neurodegeneration. Lancet. Neurol. 15, 748–759. 
Kapinos, L.E., Huang, B., Rencurel, C., and Lim, R.Y.H. (2017). Karyopherins regulate nuclear 





Katta, S.S., Smoyer, C.J., and Jaspersen, S.L. (2014). Destination: inner nuclear membrane. 
Trends Cell Biol. 24, 221–229. 
Katzmann, D.J., Odorizzi, G., and Emr, S.D. (2002). Receptor downregulation and 
multivesicular-body sorting. Nat. Rev. Mol. Cell Biol. 3, 893–905. 
Kaya, A., Lobanov, A. V, and Gladyshev, V.N. (2015). Evidence that mutation accumulation 
does not cause aging in Saccharomyces cerevisiae. Aging Cell 14, 366–371. 
Kennedy, B.K., Austriaco, N.R., and Guarente, L. (1994). Daughter Cells of Saccharomyces 
cerevisiae from Old Mothers Display a Reduced Life Span. J. Cell Biol. 127, 1985–1993. 
Khadaroo, B., Teixeira, M.T., Luciano, P., Eckert-Boulet, N., Germann, S.M., Simon, M.N., 
Gallina, I., Abdallah, P., Gilson, E., Géli, V., et al. (2009). The DNA damage response at eroded 
telomeres and tethering to the nuclear pore complex. Nat. Cell Biol. 11, 980–987. 
Khmelinskii, A., Keller, P.J., Bartosik, A., Meurer, M., Barry, J.D., Mardin, B.R., Kaufmann, A., 
Trautmann, S., Wachsmuth, M., Pereira, G., et al. (2012). Tandem fluorescent protein timers for 
in vivo analysis of protein dynamics. 
Kieffer, C., Skalicky, J.J., Morita, E., De Domenico, I., Ward, D.M., Kaplan, J., and Sundquist, 
W.I. (2008). Two Distinct Modes of ESCRT-III Recognition Are Required for VPS4 Functions in 
Lysosomal Protein Targeting and HIV-1 Budding. Dev. Cell 15, 62–73. 
Killian, D.J., and Hubbard, E.J.A. (2005). Caenorhabditis elegans germline patterning requires 
coordinated development of the somatic gonadal sheath and the germ line. Dev. Biol. 279, 322–
335. 
Kim, H.J., and Taylor, J.P. (2017). Lost in Transportation: Nucleocytoplasmic Transport Defects 
in ALS and Other Neurodegenerative Diseases. Neuron 96, 285–297. 
Kim, S.J., Fernandez-Martinez, J., Nudelman, I., Shi, Y., Zhang, W., Raveh, B., Herricks, T., 
Slaughter, B.D., Hogan, J.A., Upla, P., et al. (2018). Integrative structure and functional anatomy 
of a nuclear pore complex. Nature 555, 475–482. 
Kim, S.Y., Ryu, S.J., Ahn, H.J., Choi, H.R., Kang, H.T., Park, S.C., Kim, S.Y., Choi, H.R., and 
Ryu, S.J. (2010). Senescence-related functional nuclear barrier by down-regulation of nucleo-
cytoplasmic trafficking gene expression. Biochem. Biophys. Res. Commun. 391, 28–32. 
King, M.C., Lusk, C., and Blobel, G. (2006). Karyopherin-mediated import of integral inner 
nuclear membrane proteins. Nature 442, 1003–1007. 
Kirchman, P.A., Kim, S., Lai, C.Y., and Jazwinski, S.M. (1999). Interorganelle signaling is a 
determinant of longevity in Saccharomyces cerevisiae. Genetics 152, 179–190. 
Kirkwood, T.B.L. (2008). Understanding ageing from an evolutionary perspective. J. Intern. Med. 
263, 117–127. 
Kirkwood, T.B.L., Feder, M., Finch, C.E., Franceschi, C., Globerson, A., Klingenberg, C.P., 
LaMarco, K., Omholt, S., and Westendorp, R.G.. (2005). What accounts for the wide variation in 
life span of genetically identical organisms reared in a constant environment? Mech. Ageing Dev. 
126, 439–443. 
Kohler, A., Schmithorst, V., Filippi, M.-D., Ryan, M.A., Daria, D., Gunzer, M., and Geiger, H. 




Katta, S.S., Smoyer, C.J., and Jaspersen, S.L. (2014). Destination: inner nuclear membrane. 
Trends Cell Biol. 24, 221–229. 
Katzmann, D.J., Odorizzi, G., and Emr, S.D. (2002). Receptor downregulation and 
multivesicular-body sorting. Nat. Rev. Mol. Cell Biol. 3, 893–905. 
Kaya, A., Lobanov, A. V, and Gladyshev, V.N. (2015). Evidence that mutation accumulation 
does not cause aging in Saccharomyces cerevisiae. Aging Cell 14, 366–371. 
Kennedy, B.K., Austriaco, N.R., and Guarente, L. (1994). Daughter Cells of Saccharomyces 
cerevisiae from Old Mothers Display a Reduced Life Span. J. Cell Biol. 127, 1985–1993. 
Khadaroo, B., Teixeira, M.T., Luciano, P., Eckert-Boulet, N., Germann, S.M., Simon, M.N., 
Gallina, I., Abdallah, P., Gilson, E., Géli, V., et al. (2009). The DNA damage response at eroded 
telomeres and tethering to the nuclear pore complex. Nat. Cell Biol. 11, 980–987. 
Khmelinskii, A., Keller, P.J., Bartosik, A., Meurer, M., Barry, J.D., Mardin, B.R., Kaufmann, A., 
Trautmann, S., Wachsmuth, M., Pereira, G., et al. (2012). Tandem fluorescent protein timers for 
in vivo analysis of protein dynamics. 
Kieffer, C., Skalicky, J.J., Morita, E., De Domenico, I., Ward, D.M., Kaplan, J., and Sundquist, 
W.I. (2008). Two Distinct Modes of ESCRT-III Recognition Are Required for VPS4 Functions in 
Lysosomal Protein Targeting and HIV-1 Budding. Dev. Cell 15, 62–73. 
Killian, D.J., and Hubbard, E.J.A. (2005). Caenorhabditis elegans germline patterning requires 
coordinated development of the somatic gonadal sheath and the germ line. Dev. Biol. 279, 322–
335. 
Kim, H.J., and Taylor, J.P. (2017). Lost in Transportation: Nucleocytoplasmic Transport Defects 
in ALS and Other Neurodegenerative Diseases. Neuron 96, 285–297. 
Kim, S.J., Fernandez-Martinez, J., Nudelman, I., Shi, Y., Zhang, W., Raveh, B., Herricks, T., 
Slaughter, B.D., Hogan, J.A., Upla, P., et al. (2018). Integrative structure and functional anatomy 
of a nuclear pore complex. Nature 555, 475–482. 
Kim, S.Y., Ryu, S.J., Ahn, H.J., Choi, H.R., Kang, H.T., Park, S.C., Kim, S.Y., Choi, H.R., and 
Ryu, S.J. (2010). Senescence-related functional nuclear barrier by down-regulation of nucleo-
cytoplasmic trafficking gene expression. Biochem. Biophys. Res. Commun. 391, 28–32. 
King, M.C., Lusk, C., and Blobel, G. (2006). Karyopherin-mediated import of integral inner 
nuclear membrane proteins. Nature 442, 1003–1007. 
Kirchman, P.A., Kim, S., Lai, C.Y., and Jazwinski, S.M. (1999). Interorganelle signaling is a 
determinant of longevity in Saccharomyces cerevisiae. Genetics 152, 179–190. 
Kirkwood, T.B.L. (2008). Understanding ageing from an evolutionary perspective. J. Intern. Med. 
263, 117–127. 
Kirkwood, T.B.L., Feder, M., Finch, C.E., Franceschi, C., Globerson, A., Klingenberg, C.P., 
LaMarco, K., Omholt, S., and Westendorp, R.G.. (2005). What accounts for the wide variation in 
life span of genetically identical organisms reared in a constant environment? Mech. Ageing Dev. 
126, 439–443. 
Kohler, A., Schmithorst, V., Filippi, M.-D., Ryan, M.A., Daria, D., Gunzer, M., and Geiger, H. 




cells revealed by time-lapse intravital imaging in long bones. Blood 114, 290–298. 
Kosinski, J., Mosalaganti, S., von Appen, A., Teimer, R., DiGuilio, A.L., Wan, W., Bui, K.H., 
Hagen, W.J.H., Briggs, J.A.G., Glavy, J.S., et al. (2016). Molecular architecture of the inner ring 
scaffold of the human nuclear pore complex. Science (80-. ). 352, 363–365. 
Kowalczyk, S.W., Kapinos, L., Blosser, T.R., Magalhães, T., van Nies, P., Lim, R.Y.H., and 
Dekker, C. (2011). Single-molecule transport across an individual biomimetic nuclear pore 
complex. Nat. Nanotechnol. 6, 433–438. 
Kralt, A., Jagalur, N.B., van den Boom, V., Lokareddy, R.K., Steen, A., Cingolani, G., Fornerod, 
M., and Veenhoff, L.M. (2015a). Conservation of inner nuclear membrane targeting sequences in 
mammalian Pom121 and yeast Heh2 membrane proteins. Mol. Biol. Cell. 
Kralt, A., Jagalur, N.B., van den Boom, V., Lokareddy, R.K., Steen, A., Cingolani, G., Fornerod, 
M., and Veenhoff, L.M. (2015b). Conservation of inner nuclear membrane targeting sequences in 
mammalian Pom121 and yeast Heh2 membrane proteins. Mol. Biol. Cell 26, 3301–3312. 
Kuipers, O.P., de Ruyter, P.G.G.., Kleerebezem, M., and de Vos, W.M. (1998). Quorum sensing-
controlled gene expression in lactic acid bacteria. J. Biotechnol. 64, 15–21. 
Laan, L., Roth, S., and Dogterom, M. (2012). End-on microtubule-dynein interactions and 
pulling-based positioning of microtubule organizing centers. Cell Cycle 11, 3750–3757. 
Laba, J., Steen, A., Popken, P., Chernova, A., Poolman, B., and Veenhoff, L. (2015). Active 
Nuclear Import of Membrane Proteins Revisited. Cells 4, 653–673. 
Laba, J.K., Steen, A., and Veenhoff, L.M. (2014). Traffic to the inner membrane of the nuclear 
envelope. Curr. Opin. Cell Biol. 
Labokha, A.A., Gradmann, S., Frey, S., Hülsmann, B.B., Urlaub, H., Baldus, M., and Görlich, D. 
(2012). Systematic analysis of barrier-forming FG hydrogels from Xenopus nuclear pore 
complexes. EMBO J. 32, 204–218. 
Lam, Y.T., Aung-Htut, M.T., Lim, Y.L., Yang, H., and Dawes, I.W. (2011). Changes in reactive 
oxygen species begin early during replicative aging of Saccharomyces cerevisiae cells. Free 
Radic. Biol. Med. 50, 963–970. 
Landry, W.D., and Cotter, T.G. (2014). ROS signalling, NADPH oxidases and cancer. Biochem. 
Soc. Trans. 42, 934–938. 
Lange, A., Mills, R.E., Lange, C.J., Stewart, M., Devine, S.E., and Corbett, A.H. (2007). Classical 
nuclear localization signals: definition, function, and interaction with importin alpha. J. Biol. 
Chem. 282, 5101–5105. 
Lata, S., Schoehn, G., Jain, A., Pires, R., Piehler, J., Gottlinger, H.G., and Weissenhorn, W. 
(2008). Helical Structures of ESCRT-III Are Disassembled by VPS4. Science (80-. ). 321, 1354–
1357. 
Laudermilch, E., Tsai, P.-L., Graham, M., Turner, E., Zhao, C., and Schlieker, C. (2016). 
Dissecting Torsin/cofactor function at the nuclear envelope: a genetic study. Mol. Biol. Cell 27, 
3964–3971. 
Laun, P., Pichova, A., Madeo, F., Fuchs, J., Ellinger, A., Kohlwein, S., Dawes, I., Fröhlich, K.-U., 





oxidative stress and apoptosis. Mol. Microbiol. 39, 1166–1173. 
Lee, K.-H., Zhang, P., Kim, H.J., Mitrea, D.M., Sarkar, M., Freibaum, B.D., Cika, J., Coughlin, 
M., Messing, J., Molliex, A., et al. (2016). C9orf72 Dipeptide Repeats Impair the Assembly, 
Dynamics, and Function of Membrane-Less Organelles. Cell 167, 774-788.e17. 
Lee, S.S., Avalos Vizcarra, I., Huberts, D.H.E.W., Lee, L.P., Heinemann, M., Vizcarra, I.A., 
Huberts, D.H.E.W., Lee, L.P., and Heinemann, M. (2012). Whole lifespan microscopic 
observation of budding yeast aging through a microfluidic dissection platform. 109. 
van der Lee, R., Buljan, M., Lang, B., Weatheritt, R.J., Daughdrill, G.W., Dunker, A.K., 
Fuxreiter, M., Gough, J., Gsponer, J., Jones, D.T., et al. (2014). Classification of Intrinsically 
Disordered Regions and Proteins. Chem. Rev. 114, 6589–6631. 
Lemaître, C., Fischer, B., Kalousi, A., Hoffbeck, A.-S., Guirouilh-Barbat, J., Shahar, O.D., Genet, 
D., Goldberg, M., Betrand, P., Lopez, B., et al. (2012). The nucleoporin 153, a novel factor in 
double-strand break repair and DNA damage response. Oncogene 31, 4803–4809. 
Lemke, E.A. (2016). The Multiple Faces of Disordered Nucleoporins. J. Mol. Biol. 428, 2011–
2024. 
Leo, A.J. (1993). Calculating log Poct from structures. Chem. Rev. 93, 1281–1306. 
Levine, R.L. (2002). Carbonyl modified proteins in cellular regulation, aging, and disease,. Free 
Radic. Biol. Med. 32, 790–796. 
Lewin, J.M., Lwaleed, B.A., Cooper, A.J., and Birch, B.R. (2007). The Direct Effect of Nuclear 
Pores on Nuclear Chemotherapeutic Concentration in Multidrug Resistant Bladder Cancer: The 
Nuclear Sparing Phenomenon. J. Urol. 177, 1526–1530. 
Li, C., Goryaynov, A., and Yang, W. (2016). The selective permeability barrier in the nuclear 
pore complex. Nucleus 7, 430–446. 
Li, H.Y., Wirtz, D., and Zheng, Y. (2003). A mechanism of coupling RCC1 mobility to RanGTP 
production on the chromatin in vivo. J. Cell Biol. 160, 635–644. 
Lim, R.Y.H., Fahrenkrog, B., Koser, J., Schwarz-Herion, K., Deng, J., and Aebi, U. (2007). 
Nanomechanical Basis of Selective Gating by the Nuclear Pore Complex. Science (80-. ). 318, 
640–643. 
Lim, R.Y.H., Huang, B., and Kapinos, L.E. (2015). How to operate a nuclear pore complex by 
Kap-centric control. Nucleus 6, 366–372. 
Lin, D.H., Stuwe, T., Schilbach, S., Rundlet, E.J., Perriches, T., Mobbs, G., Fan, Y., Thierbach, 
K., Huber, F.M., Collins, L.N., et al. (2016). Architecture of the symmetric core of the nuclear 
pore. Science (80-. ). 352, aaf1015–aaf1015. 
Lin, S.-J., Kaeberlein, M., Andalis, A.A., Sturtz, L.A., Defossez, P.-A., Culotta, V.C., Fink, G.R., 
and Guarente, L. (2002). Calorie restriction extends Saccharomyces cerevisiae lifespan by 
increasing respiration. Nature 418, 344–348. 
Lindner, A.B., Madden, R., Demarez, A., Stewart, E.J., and Taddei, F. (2008). Asymmetric 
segregation of protein aggregates is associated with cellular aging and rejuvenation. Proc. Natl. 




oxidative stress and apoptosis. Mol. Microbiol. 39, 1166–1173. 
Lee, K.-H., Zhang, P., Kim, H.J., Mitrea, D.M., Sarkar, M., Freibaum, B.D., Cika, J., Coughlin, 
M., Messing, J., Molliex, A., et al. (2016). C9orf72 Dipeptide Repeats Impair the Assembly, 
Dynamics, and Function of Membrane-Less Organelles. Cell 167, 774-788.e17. 
Lee, S.S., Avalos Vizcarra, I., Huberts, D.H.E.W., Lee, L.P., Heinemann, M., Vizcarra, I.A., 
Huberts, D.H.E.W., Lee, L.P., and Heinemann, M. (2012). Whole lifespan microscopic 
observation of budding yeast aging through a microfluidic dissection platform. 109. 
van der Lee, R., Buljan, M., Lang, B., Weatheritt, R.J., Daughdrill, G.W., Dunker, A.K., 
Fuxreiter, M., Gough, J., Gsponer, J., Jones, D.T., et al. (2014). Classification of Intrinsically 
Disordered Regions and Proteins. Chem. Rev. 114, 6589–6631. 
Lemaître, C., Fischer, B., Kalousi, A., Hoffbeck, A.-S., Guirouilh-Barbat, J., Shahar, O.D., Genet, 
D., Goldberg, M., Betrand, P., Lopez, B., et al. (2012). The nucleoporin 153, a novel factor in 
double-strand break repair and DNA damage response. Oncogene 31, 4803–4809. 
Lemke, E.A. (2016). The Multiple Faces of Disordered Nucleoporins. J. Mol. Biol. 428, 2011–
2024. 
Leo, A.J. (1993). Calculating log Poct from structures. Chem. Rev. 93, 1281–1306. 
Levine, R.L. (2002). Carbonyl modified proteins in cellular regulation, aging, and disease,. Free 
Radic. Biol. Med. 32, 790–796. 
Lewin, J.M., Lwaleed, B.A., Cooper, A.J., and Birch, B.R. (2007). The Direct Effect of Nuclear 
Pores on Nuclear Chemotherapeutic Concentration in Multidrug Resistant Bladder Cancer: The 
Nuclear Sparing Phenomenon. J. Urol. 177, 1526–1530. 
Li, C., Goryaynov, A., and Yang, W. (2016). The selective permeability barrier in the nuclear 
pore complex. Nucleus 7, 430–446. 
Li, H.Y., Wirtz, D., and Zheng, Y. (2003). A mechanism of coupling RCC1 mobility to RanGTP 
production on the chromatin in vivo. J. Cell Biol. 160, 635–644. 
Lim, R.Y.H., Fahrenkrog, B., Koser, J., Schwarz-Herion, K., Deng, J., and Aebi, U. (2007). 
Nanomechanical Basis of Selective Gating by the Nuclear Pore Complex. Science (80-. ). 318, 
640–643. 
Lim, R.Y.H., Huang, B., and Kapinos, L.E. (2015). How to operate a nuclear pore complex by 
Kap-centric control. Nucleus 6, 366–372. 
Lin, D.H., Stuwe, T., Schilbach, S., Rundlet, E.J., Perriches, T., Mobbs, G., Fan, Y., Thierbach, 
K., Huber, F.M., Collins, L.N., et al. (2016). Architecture of the symmetric core of the nuclear 
pore. Science (80-. ). 352, aaf1015–aaf1015. 
Lin, S.-J., Kaeberlein, M., Andalis, A.A., Sturtz, L.A., Defossez, P.-A., Culotta, V.C., Fink, G.R., 
and Guarente, L. (2002). Calorie restriction extends Saccharomyces cerevisiae lifespan by 
increasing respiration. Nature 418, 344–348. 
Lindner, A.B., Madden, R., Demarez, A., Stewart, E.J., and Taddei, F. (2008). Asymmetric 
segregation of protein aggregates is associated with cellular aging and rejuvenation. Proc. Natl. 




Lindstrom, D.L., and Gottschling, D.E. (2009). The mother enrichment program: A genetic 
system for facile replicative life span analysis in Saccharomyces cerevisiae. Genetics. 
Liu, B., Larsson, L., Caballero, A., Hao, X., Öling, D., Grantham, J., and Nyström, T. (2010). The 
Polarisome Is Required for Segregation and Retrograde Transport of Protein Aggregates. Cell 
140, 257–267. 
Liu, B., Larsson, L., Franssens, V., Hao, X., Hill, S.M., Andersson, V., Höglund, D., Song, J., 
Yang, X., Öling, D., et al. (2011). Segregation of Protein Aggregates Involves Actin and the 
Polarity Machinery. Cell 147, 959–961. 
Lokareddy, R.K., Hapsari, R.A., Van rheenen, M., Pumroy, R.A., Bhardwaj, A., Steen, A., 
Veenhoff, L.M., and Cingolani, G. (2015). Distinctive Properties of the Nuclear Localization 
Signals of Inner Nuclear Membrane Proteins Heh1 and Heh2. Structure. 
Lone, M.A., Atkinson, A.E., Hodge, C.A., Cottier, S., Martínez-Montañés, F., Maithel, S., Mène-
Saffrané, L., Cole, C.N., and Schneiter, R. (2015). Yeast integral membrane proteins Apq12, Brl1, 
and Brr6 form a complex important for regulation of membrane homeostasis and nuclear pore 
complex biogenesis. Eukaryot. Cell 14, 1217–1227. 
Longo, V.D., and Fabrizio, P. (2011). Chronological Aging in Saccharomyces cerevisiae. In 
Subcell Biochem., pp. 101–121. 
Longo, V.D., Liou, L.-L., Valentine, J.S., and Gralla, E.B. (1999). Mitochondrial Superoxide 
Decreases Yeast Survival in Stationary Phase. Arch. Biochem. Biophys. 365, 131–142. 
Longo, V.D., Shadel, G.S., Kaeberlein, M., and Kennedy, B. (2012). Replicative and 
chronological aging in saccharomyces cerevisiae. Cell Metab. 16, 18–31. 
López-Otín, C., Blasco, M.A., Partridge, L., Serrano, M., and Kroemer, G. (2013). The Hallmarks 
of Aging. Cell 153, 1194–1217. 
Lord, C.L., Timney, B.L., Rout, M.P., and Wente, S.R. (2015). Altering nuclear pore complex 
function impacts longevity and mitochondrial function in S. cerevisiae. J. Cell Biol. 208, 729–
744. 
Loureiro, J.R., Oliveira, C.L., and Silveira, I. (2016). Unstable repeat expansions in 
neurodegenerative diseases: nucleocytoplasmic transport emerges on the scene. Neurobiol. Aging 
39, 174–183. 
Lowe, A.R., Tang, J.H., Yassif, J., Graf, M., Huang, W.Y.C., Groves, J.T., Weis, K., and 
Liphardt, J.T. (2015). Importin-β modulates the permeability of the nuclear pore complex in a 
Ran-dependent manner. Elife 4. 
Lu, L., Ladinsky, M.S., and Kirchhausen, T. (2011). Formation of the postmitotic nuclear 
envelope from extended ER cisternae precedes nuclear pore assembly. J. Cell Biol. 194, 425–440. 
Luedeke, C., Frei, S.B., Sbalzarini, I., Schwarz, H., Spang, A., and Barral, Y. (2005). Septin-
dependent compartmentalization of the endoplasmic reticulum during yeast polarized growth. J. 
Cell Biol. 169, 897–908. 
Lund, M.K., and Guthrie, C. (2005). The DEAD-Box Protein Dbp5p Is Required to Dissociate 
Mex67p from Exported mRNPs at the Nuclear Rim. Mol. Cell 20, 645–651. 





the road. Nat. Rev. Mol. Cell Biol. 8, 414–420. 
Mackmull, M.-T., Klaus, B., Heinze, I., Chokkalingam, M., Beyer, A., Russell, R.B., Ori, A., and 
Beck, M. (2017). Landscape of nuclear transport receptor cargo specificity. Mol. Syst. Biol. 13, 
962. 
Madrid, A.S., Mancuso, J., Cande, W.Z., and Weis, K. (2006). The role of the integral membrane 
nucleoporins Ndc1p and Pom152p in nuclear pore complex assembly and function. J. Cell Biol. 
173, 361. 
Magami, Y., Azuma, T., Inokuchi, H., Kokuno, S., Moriyasu, F., Kawai, K., and Hattori, T. 
(2002). Cell proliferation and renewal of normal hepatocytes and bile duct cells in adult mouse 
liver. Liver 22, 419–425. 
Maisonneuve, E., Ducret, A., Khoueiry, P., Lignon, S., Longhi, S., Talla, E., and Dukan, S. 
(2009). Rules governing selective protein carbonylation. PLoS One 4, e7269. 
Makhnevych, T., Lusk, C.P., Anderson, A.M., Aitchison, J.D., and Wozniak, R.W. (2003). Cell 
Cycle Regulated Transport Controlled by Alterations in the Nuclear Pore Complex. Cell 115, 
813–823. 
Makio, T., Stanton, L.H., Lin, C.-C., Goldfarb, D.S., Weis, K., and Wozniak, R.W. (2009). The 
nucleoporins Nup170p and Nup157p are essential for nuclear pore complex assembly. J. Cell 
Biol. 185, 459–473. 
Makio, T., Lapetina, D.L., and Wozniak, R.W. (2013). Inheritance of yeast nuclear pore 
complexes requires the Nsp1p subcomplex. J. Cell Biol. 203, 187–196. 
Malato, Y., Naqvi, S., Schürmann, N., Ng, R., Wang, B., Zape, J., Kay, M.A., Grimm, D., and 
Willenbring, H. (2011). Fate tracing of mature hepatocytes in mouse liver homeostasis and 
regeneration. J. Clin. Invest. 121, 4850–4860. 
Mansfeld, J., Güttinger, S., Hawryluk-Gara, L.A., Panté, N., Mall, M., Galy, V., Haselmann, U., 
Mühlhäusser, P., Wozniak, R.W., Mattaj, I.W., et al. (2006). The Conserved Transmembrane 
Nucleoporin NDC1 Is Required for Nuclear Pore Complex Assembly in Vertebrate Cells. Mol. 
Cell 22, 93–103. 
Marqusee, S., and Baldwin, R.L. (1987). Helix stabilization by Glu-...Lys+ salt bridges in short 
peptides of de novo design. Proc. Natl. Acad. Sci. U. S. A. 84, 8898–8902. 
Mattheyses, A.L., Kampmann, M., Atkinson, C.E., and Simon, S.M. (2010). Fluorescence 
anisotropy reveals order and disorder of protein domains in the nuclear pore complex. Biophys. J. 
99, 1706–1717. 
McCloskey, A., Ibarra, A., and Hetzer, M.W. (2018). Tpr regulates the total number of nuclear 
pore complexes per cell nucleus. Genes Dev. 32, 1321–1331. 
McCullough, J., Clippinger, A.K., Talledge, N., Skowyra, M.L., Saunders, M.G., Naismith, T. V., 
Colf, L.A., Afonine, P., Arthur, C., Sundquist, W.I., et al. (2015). Structure and membrane 
remodeling activity of ESCRT-III helical polymers. Science (80-. ). 350, 1548–1551. 
McFaline-Figueroa, J.R., Vevea, J., Swayne, T.C., Zhou, C., Liu, C., Leung, G., Boldogh, I.R., 
and Pon, L.A. (2011). Mitochondrial quality control during inheritance is associated with lifespan 




the road. Nat. Rev. Mol. Cell Biol. 8, 414–420. 
Mackmull, M.-T., Klaus, B., Heinze, I., Chokkalingam, M., Beyer, A., Russell, R.B., Ori, A., and 
Beck, M. (2017). Landscape of nuclear transport receptor cargo specificity. Mol. Syst. Biol. 13, 
962. 
Madrid, A.S., Mancuso, J., Cande, W.Z., and Weis, K. (2006). The role of the integral membrane 
nucleoporins Ndc1p and Pom152p in nuclear pore complex assembly and function. J. Cell Biol. 
173, 361. 
Magami, Y., Azuma, T., Inokuchi, H., Kokuno, S., Moriyasu, F., Kawai, K., and Hattori, T. 
(2002). Cell proliferation and renewal of normal hepatocytes and bile duct cells in adult mouse 
liver. Liver 22, 419–425. 
Maisonneuve, E., Ducret, A., Khoueiry, P., Lignon, S., Longhi, S., Talla, E., and Dukan, S. 
(2009). Rules governing selective protein carbonylation. PLoS One 4, e7269. 
Makhnevych, T., Lusk, C.P., Anderson, A.M., Aitchison, J.D., and Wozniak, R.W. (2003). Cell 
Cycle Regulated Transport Controlled by Alterations in the Nuclear Pore Complex. Cell 115, 
813–823. 
Makio, T., Stanton, L.H., Lin, C.-C., Goldfarb, D.S., Weis, K., and Wozniak, R.W. (2009). The 
nucleoporins Nup170p and Nup157p are essential for nuclear pore complex assembly. J. Cell 
Biol. 185, 459–473. 
Makio, T., Lapetina, D.L., and Wozniak, R.W. (2013). Inheritance of yeast nuclear pore 
complexes requires the Nsp1p subcomplex. J. Cell Biol. 203, 187–196. 
Malato, Y., Naqvi, S., Schürmann, N., Ng, R., Wang, B., Zape, J., Kay, M.A., Grimm, D., and 
Willenbring, H. (2011). Fate tracing of mature hepatocytes in mouse liver homeostasis and 
regeneration. J. Clin. Invest. 121, 4850–4860. 
Mansfeld, J., Güttinger, S., Hawryluk-Gara, L.A., Panté, N., Mall, M., Galy, V., Haselmann, U., 
Mühlhäusser, P., Wozniak, R.W., Mattaj, I.W., et al. (2006). The Conserved Transmembrane 
Nucleoporin NDC1 Is Required for Nuclear Pore Complex Assembly in Vertebrate Cells. Mol. 
Cell 22, 93–103. 
Marqusee, S., and Baldwin, R.L. (1987). Helix stabilization by Glu-...Lys+ salt bridges in short 
peptides of de novo design. Proc. Natl. Acad. Sci. U. S. A. 84, 8898–8902. 
Mattheyses, A.L., Kampmann, M., Atkinson, C.E., and Simon, S.M. (2010). Fluorescence 
anisotropy reveals order and disorder of protein domains in the nuclear pore complex. Biophys. J. 
99, 1706–1717. 
McCloskey, A., Ibarra, A., and Hetzer, M.W. (2018). Tpr regulates the total number of nuclear 
pore complexes per cell nucleus. Genes Dev. 32, 1321–1331. 
McCullough, J., Clippinger, A.K., Talledge, N., Skowyra, M.L., Saunders, M.G., Naismith, T. V., 
Colf, L.A., Afonine, P., Arthur, C., Sundquist, W.I., et al. (2015). Structure and membrane 
remodeling activity of ESCRT-III helical polymers. Science (80-. ). 350, 1548–1551. 
McFaline-Figueroa, J.R., Vevea, J., Swayne, T.C., Zhou, C., Liu, C., Leung, G., Boldogh, I.R., 
and Pon, L.A. (2011). Mitochondrial quality control during inheritance is associated with lifespan 




Meinema, A.C., Laba, J.K., Hapsari, R.A., Otten, R., Mulder, F.A.A., Kralt, A., van den Bogaart, 
G., Lusk, C.P., Poolman, B., and Veenhoff, L.M. (2011). Long Unfolded Linkers Facilitate 
Membrane Protein Import Through the Nuclear Pore Complex. Science (80-. ). 333, 90–93. 
Meinema, A.C., Poolman, B., and Veenhoff, L.M. (2012). The transport of integral membrane 
proteins across the nuclear pore complex. Nucleus 3, 322–329. 
Meinema, A.C., Poolman, B., and Veenhoff, L.M. (2013). Quantitative Analysis of Membrane 
Protein Transport Across the Nuclear Pore Complex. Traffic 14, 487–501. 
Mészáros, N., Cibulka, J., Mendiburo, M.J., Romanauska, A., Schneider, M., and Köhler, A. 
(2015). Nuclear Pore Basket Proteins Are Tethered to the Nuclear Envelope and Can Regulate 
Membrane Curvature. Dev. Cell 33, 285–298. 
Meylan, W.M., and Howard, P.H. (1995). Atom/fragment contribution method for estimating 
octanol-water partition coefficients. J. Pharm. Sci. 84, 83–92. 
Mi, L., Goryaynov, A., Lindquist, A., Rexach, M., and Yang, W. (2015). Quantifying nucleoporin 
stoichiometry inside single nuclear pore complexes in vivo. Sci. Rep. 5, 9372. 
Milles, S., Bui, K.H., Koehler, C., Eltsov, M., Beck, M., and Lemke ++, E.A. (2013). Facilitated 
aggregation of FG nucleoporins under molecular crowding conditions. EMBO Rep. 14. 
Milles, S., Mercadante, D., Aramburu, I.V., Jensen, M.R., Banterle, N., Koehler, C., Tyagi, S., 
Clarke, J., Shammas, S.L., Blackledge, M., et al. (2015). Plasticity of an Ultrafast Interaction 
between Nucleoporins and Nuclear Transport Receptors. Cell 163, 734–745. 
Møller, I.M., and Sweetlove, L.J. (2010). ROS signalling – specificity is required. Trends Plant 
Sci. 15, 370–374. 
Montpetit, B., Thomsen, N.D., Helmke, K.J., Seeliger, M.A., Berger, J.M., and Weis, K. (2011). 
A conserved mechanism of DEAD-box ATPase activation by nucleoporins and InsP6 in mRNA 
export. Nature 472, 238–242. 
Moore, D.L., and Jessberger, S. (2017). Creating Age Asymmetry: Consequences of Inheriting 
Damaged Goods in Mammalian Cells. Trends Cell Biol. 27, 82–92. 
Moradi, M., Babin, V., Roland, C., Darden, T.A., and Sagui, C. (2009). Conformations and free 
energy landscapes of polyproline peptides. Proc. Natl. Acad. Sci. 106, 20746–20751. 
Morgan, M.J., and Liu, Z. (2011). Crosstalk of reactive oxygen species and NF-κB signaling. Cell 
Res. 21, 103–115. 
Moroianu, J., Blobel, G., and Radu, A. (1996). The binding site of karyopherin alpha for 
karyopherin beta overlaps with a nuclear localization sequence. Proc. Natl. Acad. Sci. U. S. A. 93, 
6572–6576. 
Morrison, J., Yang, J.-C., Stewart, M., and Neuhaus, D. (2003). Solution NMR study of the 
interaction between NTF2 and nucleoporin FxFG repeats. J. Mol. Biol. 333, 587–603. 
Mortimer, R.K., and Johnston, J.R. (1959). Life Span of Individual Yeast Cells. Nature 183, 
1751–1752. 
Moskalev, A.A., Shaposhnikov, M. V., Plyusnina, E.N., Zhavoronkov, A., Budovsky, A., Yanai, 





Koch-like criteria. Ageing Res. Rev. 12, 661–684. 
Mostowy, S., and Cossart, P. (2012). Septins: the fourth component of the cytoskeleton. Nat. Rev. 
Mol. Cell Biol. 13, 183–194. 
Mozdy, A.D., and Cech, T.R. (2006). Low abundance of telomerase in yeast: implications for 
telomerase haploinsufficiency. RNA 12, 1721–1737. 
Müller, I. (1971). Experiments on ageing in single cells of Saccharomyces cerevisiae. Arch. 
Mikrobiol. 77, 20–25. 
Nagai, S., Dubrana, K., Tsai-Pflugfelder, M., Davidson, M.B., Roberts, T.M., Brown, G.W., 
Varela, E., Hediger, F., Gasser, S.M., and Krogan, N.J. (2008). Functional Targeting of DNA 
Damage to a Nuclear Pore-Associated SUMO-Dependent Ubiquitin Ligase. Science (80-. ). 322, 
597–602. 
Necci, M., Piovesan, D., and Tosatto, S.C.E. (2016). Large-scale analysis of intrinsic disorder 
flavors and associated functions in the protein sequence universe. Protein Sci. 25, 2164–2174. 
Nemergut, M.E., Mizzen, C.A., Stukenberg, T., Allis, C.D., and Macara, I.G. (2001). Chromatin 
docking and exchange activity enhancement of RCC1 by histones H2A and H2B. Science 292, 
1540–1543. 
Niepel, M., Molloy, K.R., Williams, R., Farr, J.C., Meinema, A.C., Vecchietti, N., Cristea, I.M., 
Chait, B.T., Rout, M.P., and Strambio-De-Castillia, C. (2013). The nuclear basket proteins Mlp1p 
and Mlp2p are part of a dynamic interactome including Esc1p and the proteasome. Mol. Biol. 
Cell 24, 3920–3938. 
Niño, C.A., Guet, D., Gay, A., Brutus, S., Jourquin, F., Mendiratta, S., Salamero, J., Géli, V., and 
Dargemont, C. (2016). Posttranslational marks control architectural and functional plasticity of 
the nuclear pore complex basket. J. Cell Biol. 212, 167–180. 
Novarina, D., Mavrova, S.N., Janssens, G.E., Rempel, I.L., Veenhoff, L.M., and Chang, M. 
(2017). Increased genome instability is not accompanied by sensitivity to DNA damaging agents 
in aged yeast cells. 
Nyström, T., and Liu, B. (2014). The mystery of aging and rejuvenation-a budding topic. Curr. 
Opin. Microbiol. 
Ocampo, A., Liu, J., Schroeder, E.A., Shadel, G.S., and Barrientos, A. (2012). Mitochondrial 
respiratory thresholds regulate yeast chronological life span and its extension by caloric 
restriction. Cell Metab. 16, 55–67. 
Oki, M., and Nishimoto, T. (1998). A protein required for nuclear-protein import, Mog1p, directly 
interacts with GTP-Gsp1p, the Saccharomyces cerevisiae ran homologue. Proc. Natl. Acad. Sci. 
U. S. A. 95, 15388–15393. 
Oki, M., and Nishimoto, T. (2000). Yrb1p Interaction with the Gsp1p C Terminus Blocks Mog1p 
Stimulation of GTP Release from Gsp1p. J. Biol. Chem. 275, 32894–32900. 
Olmos, Y., Perdrix-Rosell, A., and Carlton, J.G. (2016). Membrane Binding by CHMP7 
Coordinates ESCRT-III-Dependent Nuclear Envelope Reformation. Curr. Biol. 26, 2635–2641. 
Olson, C.A., Spek, E.J., Shi, Z., Vologodskii, A., and Kallenbach, N.R. (2001). Cooperative helix 




Koch-like criteria. Ageing Res. Rev. 12, 661–684. 
Mostowy, S., and Cossart, P. (2012). Septins: the fourth component of the cytoskeleton. Nat. Rev. 
Mol. Cell Biol. 13, 183–194. 
Mozdy, A.D., and Cech, T.R. (2006). Low abundance of telomerase in yeast: implications for 
telomerase haploinsufficiency. RNA 12, 1721–1737. 
Müller, I. (1971). Experiments on ageing in single cells of Saccharomyces cerevisiae. Arch. 
Mikrobiol. 77, 20–25. 
Nagai, S., Dubrana, K., Tsai-Pflugfelder, M., Davidson, M.B., Roberts, T.M., Brown, G.W., 
Varela, E., Hediger, F., Gasser, S.M., and Krogan, N.J. (2008). Functional Targeting of DNA 
Damage to a Nuclear Pore-Associated SUMO-Dependent Ubiquitin Ligase. Science (80-. ). 322, 
597–602. 
Necci, M., Piovesan, D., and Tosatto, S.C.E. (2016). Large-scale analysis of intrinsic disorder 
flavors and associated functions in the protein sequence universe. Protein Sci. 25, 2164–2174. 
Nemergut, M.E., Mizzen, C.A., Stukenberg, T., Allis, C.D., and Macara, I.G. (2001). Chromatin 
docking and exchange activity enhancement of RCC1 by histones H2A and H2B. Science 292, 
1540–1543. 
Niepel, M., Molloy, K.R., Williams, R., Farr, J.C., Meinema, A.C., Vecchietti, N., Cristea, I.M., 
Chait, B.T., Rout, M.P., and Strambio-De-Castillia, C. (2013). The nuclear basket proteins Mlp1p 
and Mlp2p are part of a dynamic interactome including Esc1p and the proteasome. Mol. Biol. 
Cell 24, 3920–3938. 
Niño, C.A., Guet, D., Gay, A., Brutus, S., Jourquin, F., Mendiratta, S., Salamero, J., Géli, V., and 
Dargemont, C. (2016). Posttranslational marks control architectural and functional plasticity of 
the nuclear pore complex basket. J. Cell Biol. 212, 167–180. 
Novarina, D., Mavrova, S.N., Janssens, G.E., Rempel, I.L., Veenhoff, L.M., and Chang, M. 
(2017). Increased genome instability is not accompanied by sensitivity to DNA damaging agents 
in aged yeast cells. 
Nyström, T., and Liu, B. (2014). The mystery of aging and rejuvenation-a budding topic. Curr. 
Opin. Microbiol. 
Ocampo, A., Liu, J., Schroeder, E.A., Shadel, G.S., and Barrientos, A. (2012). Mitochondrial 
respiratory thresholds regulate yeast chronological life span and its extension by caloric 
restriction. Cell Metab. 16, 55–67. 
Oki, M., and Nishimoto, T. (1998). A protein required for nuclear-protein import, Mog1p, directly 
interacts with GTP-Gsp1p, the Saccharomyces cerevisiae ran homologue. Proc. Natl. Acad. Sci. 
U. S. A. 95, 15388–15393. 
Oki, M., and Nishimoto, T. (2000). Yrb1p Interaction with the Gsp1p C Terminus Blocks Mog1p 
Stimulation of GTP Release from Gsp1p. J. Biol. Chem. 275, 32894–32900. 
Olmos, Y., Perdrix-Rosell, A., and Carlton, J.G. (2016). Membrane Binding by CHMP7 
Coordinates ESCRT-III-Dependent Nuclear Envelope Reformation. Curr. Biol. 26, 2635–2641. 
Olson, C.A., Spek, E.J., Shi, Z., Vologodskii, A., and Kallenbach, N.R. (2001). Cooperative helix 




Onischenko, E., Tang, J.H., Andersen, K.R., Knockenhauer, K.E., Vallotton, P., Derrer, C.P., 
Kralt, A., Mugler, C.F., Chan, L.Y., Schwartz, T.U., et al. (2017). Natively Unfolded FG Repeats 
Stabilize the Structure of the Nuclear Pore Complex. Cell 171, 904-917.e19. 
van Oosten-Hawle, P., and Morimoto, R.I. (2014). Organismal proteostasis: role of cell-
nonautonomous regulation and transcellular chaperone signaling. Genes Dev. 28, 1533–1543. 
Ori, A., Banterle, N., Iskar, M., Andres-Pons, A., Escher, C., Khanh Bui, H., Sparks, L., Solis-
Mezarino, V., Rinner, O., Bork, P., et al. (2014). Cell type-specific nuclear pores: a case in point 
for context-dependent stoichiometry of molecular machines. Mol. Syst. Biol. 9, 648–648. 
Ori, A., Toyama, B.H., Harris, M.S., Bock, T., Iskar, M., Bork, P., Ingolia, N.T., Hetzer, M.W., 
and Beck, M. (2015). Integrated Transcriptome and Proteome Analyses Reveal Organ-Specific 
Proteome Deterioration in Old Rats. Cell Syst. 1, 224–237. 
Otsuka, S., and Ellenberg, J. (2018). Mechanisms of nuclear pore complex assembly - two 
different ways of building one molecular machine. FEBS Lett. 592, 475–488. 
Otsuka, S., Iwasaka, S., Yoneda, Y., Takeyasu, K., and Yoshimura, S.H. (2008). Individual 
binding pockets of importin-  for FG-nucleoporins have different binding properties and different 
sensitivities to RanGTP. Proc. Natl. Acad. Sci. 105, 16101–16106. 
Otsuka, S., Bui, K.H., Schorb, M., Hossain, M.J., Politi, A.Z., Koch, B., Eltsov, M., Beck, M., 
and Ellenberg, J. (2016). Nuclear pore assembly proceeds by an inside-out extrusion of the 
nuclear envelope. Elife. 
Otsuka, S., Steyer, A.M., Schorb, M., Hériché, J.K., Hossain, M.J., Sethi, S., Kueblbeck, M., 
Schwab, Y., Beck, M., and Ellenberg, J. (2018). Postmitotic nuclear pore assembly proceeds by 
radial dilation of small membrane openings. Nat. Struct. Mol. Biol. 25, 21–28. 
Pan, Y., Schroeder, E.A., Ocampo, A., Barrientos, A., and Shadel, G.S. (2011). Regulation of 
Yeast Chronological Life Span by TORC1 via Adaptive Mitochondrial ROS Signaling. Cell 
Metab. 13, 668–678. 
Parsell, D.A., Kowal, A.S., Singer, M.A., and Lindquist, S. (1994). Protein disaggregation 
mediated by heat-shock protein Hspl04. Nature 372, 475–478. 
Passarino, G., De Rango, F., and Montesanto, A. (2016). Human longevity: Genetics or Lifestyle? 
It takes two to tango. Immun. Ageing 13, 12. 
Pawar, S., Ungricht, R., Tiefenboeck, P., Leroux, J.-C., and Kutay, U. (2017). Efficient protein 
targeting to the inner nuclear membrane requires Atlastin-dependent maintenance of ER topology. 
Elife 6. 
Peskett, T.R., Rau, F., O’Driscoll, J., Patani, R., Lowe, A.R., and Saibil, H.R. (2018). A Liquid to 
Solid Phase Transition Underlying Pathological Huntingtin Exon1 Aggregation. Mol. Cell 70, 
588-601.e6. 
Petralia, R.S., Mattson, M.P., and Yao, P.J. (2014). Aging and longevity in the simplest animals 
and the quest for immortality. Ageing Res. Rev. 16, 66–82. 
Petrov, D., and Zagrovic, B. (2011). Microscopic analysis of protein oxidative damage: effect of 






Pitt, J.N., and Kaeberlein, M. (2015). Why is aging conserved and what can we do about it? PLoS 
Biol. 13, e1002131. 
Popken, Ghavami, A., Onck, P.R., Poolman, B., and Veenhoff, L.M. (2015). Size-Dependent 
Leak of Soluble and Membrane Proteins Through the Yeast Nuclear Pore Complex. Mol. Biol. 
Cell 26, 1386–1394. 
Port, S.A., Monecke, T., Dickmanns, A., Spillner, C., Hofele, R., Urlaub, H., Ficner, R., and 
Kehlenbach, R.H. (2015). Structural and Functional Characterization of CRM1-Nup214 
Interactions Reveals Multiple FG-Binding Sites Involved in Nuclear Export. Cell Rep. 13, 690–
702. 
Pyhtila, B., and Rexach, M. (2003). A Gradient of Affinity for the Karyopherin Kap95p along the 
Yeast Nuclear Pore Complex. J. Biol. Chem. 278, 42699–42709. 
Raab, M., Gentili, M., de Belly, H., Thiam, H.R., Vargas, P., Jimenez, A.J., Lautenschlaeger, F., 
Voituriez, R., Lennon-Duménil, A.M., Manel, N., et al. (2016). ESCRT III repairs nuclear 
envelope ruptures during cell migration to limit DNA damage and cell death. Science 352, 359–
362. 
Rabut, G., Doye, V., and Ellenberg, J. (2004). Mapping the dynamic organization of the nuclear 
pore complex inside single living cells. Nat. Cell Biol. 6, 1114–1121. 
Raices, M., and D’Angelo, M.A. (2017). Nuclear pore complexes and regulation of gene 
expression. Curr. Opin. Cell Biol. 46, 26–32. 
Rao, L., Romes, E.M., Nicholas, M.P., Brenner, S., Tripathy, A., Gennerich, A., and Slep, K.C. 
(2013). The yeast dynein Dyn2-Pac11 complex is a dynein dimerization/processivity factor: 
structural and single-molecule characterization. Mol. Biol. Cell 24, 2362–2377. 
Rasala, B.A., Ramos, C., Harel, A., and Forbes, D.J. (2008). Capture of AT-rich Chromatin by 
ELYS Recruits POM121 and NDC1 to Initiate Nuclear Pore Assembly. Mol. Biol. Cell 19, 3982–
3996. 
Rattan, S.I.S. (2006). Theories of biological aging: Genes, proteins, and free radicals. Free Radic. 
Res. 40, 1230–1238. 
Reichard, M. (2017). Evolutionary perspectives on ageing. Semin. Cell Dev. Biol. 70, 99–107. 
Rempel, I.L., Crane, M.M., Mishra, A., Jansen, D.P., Janssens, G., Popken, P., Kaeberlein, M., 
Giessen, E. van der, Onck, P., Steen, A., et al. (2018). Age-dependent deterioration of nuclear 
pore assembly in mitotic cells decreases transport dynamics. BioRxiv 477802. 
Rexach, M., and Blobel, G. (1995). Protein import into nuclei: association and dissociation 
reactions involving transport substrate, transport factors, and nucleoporins. Cell 83, 683–692. 
Ribbeck, K., Görlich, D., Kutay, U., Aebi, U., and Bischoff, F.R. (2001). Kinetic analysis of 
translocation through nuclear pore complexes. EMBO J. 20, 1320–1330. 
Riddick, G., and Macara, I.G. (2005). A systems analysis of importin-{alpha}-{beta} mediated 
nuclear protein import. J. Cell Biol. 168, 1027–1038. 
van Rijnsoever, C., Oorschot, V., and Klumperman, J. (2008). Correlative light-electron 
microscopy (CLEM) combining live-cell imaging and immunolabeling of ultrathin cryosections. 




Pitt, J.N., and Kaeberlein, M. (2015). Why is aging conserved and what can we do about it? PLoS 
Biol. 13, e1002131. 
Popken, Ghavami, A., Onck, P.R., Poolman, B., and Veenhoff, L.M. (2015). Size-Dependent 
Leak of Soluble and Membrane Proteins Through the Yeast Nuclear Pore Complex. Mol. Biol. 
Cell 26, 1386–1394. 
Port, S.A., Monecke, T., Dickmanns, A., Spillner, C., Hofele, R., Urlaub, H., Ficner, R., and 
Kehlenbach, R.H. (2015). Structural and Functional Characterization of CRM1-Nup214 
Interactions Reveals Multiple FG-Binding Sites Involved in Nuclear Export. Cell Rep. 13, 690–
702. 
Pyhtila, B., and Rexach, M. (2003). A Gradient of Affinity for the Karyopherin Kap95p along the 
Yeast Nuclear Pore Complex. J. Biol. Chem. 278, 42699–42709. 
Raab, M., Gentili, M., de Belly, H., Thiam, H.R., Vargas, P., Jimenez, A.J., Lautenschlaeger, F., 
Voituriez, R., Lennon-Duménil, A.M., Manel, N., et al. (2016). ESCRT III repairs nuclear 
envelope ruptures during cell migration to limit DNA damage and cell death. Science 352, 359–
362. 
Rabut, G., Doye, V., and Ellenberg, J. (2004). Mapping the dynamic organization of the nuclear 
pore complex inside single living cells. Nat. Cell Biol. 6, 1114–1121. 
Raices, M., and D’Angelo, M.A. (2017). Nuclear pore complexes and regulation of gene 
expression. Curr. Opin. Cell Biol. 46, 26–32. 
Rao, L., Romes, E.M., Nicholas, M.P., Brenner, S., Tripathy, A., Gennerich, A., and Slep, K.C. 
(2013). The yeast dynein Dyn2-Pac11 complex is a dynein dimerization/processivity factor: 
structural and single-molecule characterization. Mol. Biol. Cell 24, 2362–2377. 
Rasala, B.A., Ramos, C., Harel, A., and Forbes, D.J. (2008). Capture of AT-rich Chromatin by 
ELYS Recruits POM121 and NDC1 to Initiate Nuclear Pore Assembly. Mol. Biol. Cell 19, 3982–
3996. 
Rattan, S.I.S. (2006). Theories of biological aging: Genes, proteins, and free radicals. Free Radic. 
Res. 40, 1230–1238. 
Reichard, M. (2017). Evolutionary perspectives on ageing. Semin. Cell Dev. Biol. 70, 99–107. 
Rempel, I.L., Crane, M.M., Mishra, A., Jansen, D.P., Janssens, G., Popken, P., Kaeberlein, M., 
Giessen, E. van der, Onck, P., Steen, A., et al. (2018). Age-dependent deterioration of nuclear 
pore assembly in mitotic cells decreases transport dynamics. BioRxiv 477802. 
Rexach, M., and Blobel, G. (1995). Protein import into nuclei: association and dissociation 
reactions involving transport substrate, transport factors, and nucleoporins. Cell 83, 683–692. 
Ribbeck, K., Görlich, D., Kutay, U., Aebi, U., and Bischoff, F.R. (2001). Kinetic analysis of 
translocation through nuclear pore complexes. EMBO J. 20, 1320–1330. 
Riddick, G., and Macara, I.G. (2005). A systems analysis of importin-{alpha}-{beta} mediated 
nuclear protein import. J. Cell Biol. 168, 1027–1038. 
van Rijnsoever, C., Oorschot, V., and Klumperman, J. (2008). Correlative light-electron 
microscopy (CLEM) combining live-cell imaging and immunolabeling of ultrathin cryosections. 




Rinnerthaler, M., Buttner, S., Laun, P., Heeren, G., Felder, T.K., Klinger, H., Weinberger, M., 
Stolze, K., Grousl, T., Hasek, J., et al. (2012). Yno1p/Aim14p, a NADPH-oxidase ortholog, 
controls extramitochondrial reactive oxygen species generation, apoptosis, and actin cable 
formation in yeast. Proc. Natl. Acad. Sci. 109, 8658–8663. 
Rossi, D.J., Jamieson, C.H.M., and Weissman, I.L. (2008). Stems Cells and the Pathways to 
Aging and Cancer. Cell 132, 681–696. 
Rousseau, A., and Bertolotti, A. (2018). Regulation of proteasome assembly and activity in health 
and disease. Nat. Rev. Mol. Cell Biol. 19, 697–712. 
Rowlatt, C., Chesterman, F.C., and Sheriff, M.U. (1976). Lifespan, age changes and tumour 
incidence in an ageing C57BL mouse colony. Lab. Anim. 10, 419–442. 
Ruby, J.G., Wright, K.M., Rand, K.A., Kermany, A., Noto, K., Curtis, D., Varner, N., Garrigan, 
D., Slinkov, D., Dorfman, I., et al. (2018). Estimates of the Heritability of Human Longevity Are 
Substantially Inflated due to Assortative Mating. Genetics 210, 1109–1124. 
Sachdev, R., Sieverding, C., Flötenmeyer, M., and Antonin, W. (2012). The C-terminal domain of 
Nup93 is essential for assembly of the structural backbone of nuclear pore complexes. Mol. Biol. 
Cell 23, 740–749. 
Sakuma, S., and D’Angelo, M.A. (2017). The roles of the nuclear pore complex in cellular 
dysfunction, aging and disease. Semin. Cell Dev. Biol. 68, 72–84. 
Savas, J.N., Toyama, B.H., Xu, T., Yates, J.R., and Hetzer, M.W. (2012). Extremely long-lived 
nuclear pore proteins in the rat brain. Science (80-. ). 335, 942. 
Scarcelli, J.J., Hodge, C.A., and Cole, C.N. (2007). The yeast integral membrane protein Apq12 
potentially links membrane dynamics to assembly of nuclear pore complexes. J. Cell Biol. 178, 
799–812. 
Schindelin, J., Arganda-Carreras, I., Frise, E., Kaynig, V., Longair, M., Pietzsch, T., Preibisch, S., 
Rueden, C., Saalfeld, S., Schmid, B., et al. (2012). Fiji: an open-source platform for biological-
image analysis. Nat. Methods 9, 676–682. 
Schmidt, H.B., and Görlich, D. (2015). Nup98 FG domains from diverse species spontaneously 
phase-separate into particles with nuclear pore-like permselectivity. Elife 4. 
Schmidt, O., and Teis, D. (2012). The ESCRT machinery. Curr. Biol. 22, R116-20. 
Schmucker, D.L. (2005). Age-related changes in liver structure and function: Implications for 
disease ? Exp. Gerontol. 40, 650–659. 
Schuler, B., Lipman, E.A., Steinbach, P.J., Kumke, M., and Eaton, W.A. (2005). Polyproline and 
the &quot;spectroscopic ruler&quot; revisited with single-molecule fluorescence. Proc. Natl. 
Acad. Sci. 102, 2754–2759. 
Schultz, M.B., and Sinclair, D.A. (2016). When stem cells grow old: phenotypes and mechanisms 
of stem cell aging. Development 143, 3–14. 
Schwoebel, E.D., Ho, T.H., and Moore, M.S. (2002). The mechanism of inhibition of Ran-
dependent nuclear transport by cellular ATP depletion. J. Cell Biol. 





After All. Trends Cell Biol. 28, 589–591. 
Shcheprova, Z., Baldi, S., Frei, S.B., Gonnet, G., and Barral, Y. (2008). A mechanism for 
asymmetric segregation of age during yeast budding. Nature 454, 728–734. 
Shulga, N., Roberts, P., Gu, Z., Spitz, L., Tabb, M.M., Nomura, M., and Goldfarb, D.S. (1996). In 
vivo nuclear transport kinetics in Saccharomyces cerevisiae: a role for heat shock protein 70 
during targeting and translocation. J. Cell Biol. 135, 329–339. 
Shulga, N., James, P., Craig, E.A., and Goldfarb, D.S. (1999). A nuclear export signal prevents 
Saccharomyces cerevisiae Hsp70 Ssb1p from stimulating nuclear localization signal-directed 
nuclear transport. J. Biol. Chem. 274, 16501–16507. 
Sinclair, D.A., and Guarente, L. (1997). Extrachromosomal rDNA Circles— A Cause of Aging in 
Yeast. Cell 91, 1033–1042. 
Skalicky, J.J., Arii, J., Wenzel, D.M., Stubblefield, W.-M.B., Katsuyama, A., Uter, N.T., Bajorek, 
M., Myszka, D.G., and Sundquist, W.I. (2012). Interactions of the Human LIP5 Regulatory 
Protein with Endosomal Sorting Complexes Required for Transport. J. Biol. Chem. 287, 43910–
43926. 
Smith, A.E., Slepchenko, B.M., Schaff, J.C., Loew, L.M., and Macara, I.G. (2002). Systems 
Analysis of Ran Transport. Science (80-. ). 295, 488–491. 
Smith, D.L., Elam, C.F., Mattison, J.A., Lane, M.A., Roth, G.S., Ingram, D.K., Allison, D.B., 
Ingram, D.K., and Allison, D.B. (2010). Metformin supplementation and life span in Fischer-344 
rats. J. Gerontol. A. Biol. Sci. Med. Sci. 65, 468–474. 
Sokol, E., Kramer, D., Diercks, G.F.H., Kuipers, J., Jonkman, M.F., Pas, H.H., and Giepmans, 
B.N.G. (2015). Large-Scale Electron Microscopy Maps of Patient Skin and Mucosa Provide 
Insight into Pathogenesis of Blistering Diseases. J. Invest. Dermatol. 135, 1763–1770. 
Sontag, E.M., Samant, R.S., and Frydman, J. (2017). Mechanisms and Functions of Spatial 
Protein Quality Control. Annu. Rev. Biochem. 86, 97–122. 
Sood, V., and Brickner, J.H. (2014). Nuclear pore interactions with the genome. Curr. Opin. 
Genet. Dev. 
Speldewinde, S., and Grant, C. (2017). The frequency of yeast [PSI+] prion formation is 
increased during chronological ageing. Microb. Cell 4, 127–132. 
Spokoini, R., Moldavski, O., Nahmias, Y., England, J.L., Schuldiner, M., and Kaganovich, D. 
(2012). Confinement to Organelle-Associated Inclusion Structures Mediates Asymmetric 
Inheritance of Aggregated Protein in Budding Yeast. Cell Rep. 2, 738–747. 
Stade, K., Ford, C.S., Guthrie, C., and Weis, K. (1997). Exportin 1 (Crm1p) is an essential nuclear 
export factor. Cell 90, 1041–1050. 
Stadtman, E.R., and Levine, R.L. (2003). Free radical-mediated oxidation of free amino acids and 
amino acid residues in proteins. Amino Acids 25, 207–218. 
Strawn, L.A., Shen, T., Shulga, N., Goldfarb, D.S., and Wente, S.R. (2004). Minimal nuclear pore 
complexes define FG repeat domains essential for transport. Nat. Cell Biol. 6, 197–206. 




After All. Trends Cell Biol. 28, 589–591. 
Shcheprova, Z., Baldi, S., Frei, S.B., Gonnet, G., and Barral, Y. (2008). A mechanism for 
asymmetric segregation of age during yeast budding. Nature 454, 728–734. 
Shulga, N., Roberts, P., Gu, Z., Spitz, L., Tabb, M.M., Nomura, M., and Goldfarb, D.S. (1996). In 
vivo nuclear transport kinetics in Saccharomyces cerevisiae: a role for heat shock protein 70 
during targeting and translocation. J. Cell Biol. 135, 329–339. 
Shulga, N., James, P., Craig, E.A., and Goldfarb, D.S. (1999). A nuclear export signal prevents 
Saccharomyces cerevisiae Hsp70 Ssb1p from stimulating nuclear localization signal-directed 
nuclear transport. J. Biol. Chem. 274, 16501–16507. 
Sinclair, D.A., and Guarente, L. (1997). Extrachromosomal rDNA Circles— A Cause of Aging in 
Yeast. Cell 91, 1033–1042. 
Skalicky, J.J., Arii, J., Wenzel, D.M., Stubblefield, W.-M.B., Katsuyama, A., Uter, N.T., Bajorek, 
M., Myszka, D.G., and Sundquist, W.I. (2012). Interactions of the Human LIP5 Regulatory 
Protein with Endosomal Sorting Complexes Required for Transport. J. Biol. Chem. 287, 43910–
43926. 
Smith, A.E., Slepchenko, B.M., Schaff, J.C., Loew, L.M., and Macara, I.G. (2002). Systems 
Analysis of Ran Transport. Science (80-. ). 295, 488–491. 
Smith, D.L., Elam, C.F., Mattison, J.A., Lane, M.A., Roth, G.S., Ingram, D.K., Allison, D.B., 
Ingram, D.K., and Allison, D.B. (2010). Metformin supplementation and life span in Fischer-344 
rats. J. Gerontol. A. Biol. Sci. Med. Sci. 65, 468–474. 
Sokol, E., Kramer, D., Diercks, G.F.H., Kuipers, J., Jonkman, M.F., Pas, H.H., and Giepmans, 
B.N.G. (2015). Large-Scale Electron Microscopy Maps of Patient Skin and Mucosa Provide 
Insight into Pathogenesis of Blistering Diseases. J. Invest. Dermatol. 135, 1763–1770. 
Sontag, E.M., Samant, R.S., and Frydman, J. (2017). Mechanisms and Functions of Spatial 
Protein Quality Control. Annu. Rev. Biochem. 86, 97–122. 
Sood, V., and Brickner, J.H. (2014). Nuclear pore interactions with the genome. Curr. Opin. 
Genet. Dev. 
Speldewinde, S., and Grant, C. (2017). The frequency of yeast [PSI+] prion formation is 
increased during chronological ageing. Microb. Cell 4, 127–132. 
Spokoini, R., Moldavski, O., Nahmias, Y., England, J.L., Schuldiner, M., and Kaganovich, D. 
(2012). Confinement to Organelle-Associated Inclusion Structures Mediates Asymmetric 
Inheritance of Aggregated Protein in Budding Yeast. Cell Rep. 2, 738–747. 
Stade, K., Ford, C.S., Guthrie, C., and Weis, K. (1997). Exportin 1 (Crm1p) is an essential nuclear 
export factor. Cell 90, 1041–1050. 
Stadtman, E.R., and Levine, R.L. (2003). Free radical-mediated oxidation of free amino acids and 
amino acid residues in proteins. Amino Acids 25, 207–218. 
Strawn, L.A., Shen, T., Shulga, N., Goldfarb, D.S., and Wente, S.R. (2004). Minimal nuclear pore 
complexes define FG repeat domains essential for transport. Nat. Cell Biol. 6, 197–206. 




sharp Pif1-dependent threshold separates DNA double-strand breaks from critically short 
telomeres. Elife 6. 
Süveges, D., Gáspári, Z., Tóth, G., and Nyitray, L. (2009). Charged single α-helix: A versatile 
protein structural motif. Proteins Struct. Funct. Bioinforma. 74, 905–916. 
Szilard, L. (1959). ON THE NATURE OF THE AGING PROCESS. Proc. Natl. Acad. Sci. U. S. 
A. 45, 30–45. 
Taddei, A., and Gasser, S.M. (2012). Structure and function in the budding yeast nucleus. 
Genetics 192, 107–129. 
Taddei, A., Van Houwe, G., Hediger, F., Kalck, V., Cubizolles, F., Schober, H., and Gasser, S.M. 
(2006). Nuclear pore association confers optimal expression levels for an inducible yeast gene. 
Nature 441, 774–778. 
Takizawa, P.A., DeRisi, J.L., Wilhelm, J.E., and Vale, R.D. (2000). Plasma membrane 
compartmentalization in yeast by messenger RNA transport and a septin diffusion barrier. Science 
290, 341–344. 
Talamas, J.A., and Hetzer, M.W. (2011). POM121 and Sun1 play a role in early steps of 
interphase NPC assembly. J. Cell Biol. 194, 27–37. 
Tang, S., Henne, W.M., Borbat, P.P., Buchkovich, N.J., Freed, J.H., Mao, Y., Fromme, J.C., and 
Emr, S.D. (2015). Structural basis for activation, assembly and membrane binding of ESCRT-III 
Snf7 filaments. Elife 4. 
Tedesco, F.S., Dellavalle, A., Diaz-Manera, J., Messina, G., and Cossu, G. (2010). Repairing 
skeletal muscle: regenerative potential of skeletal muscle stem cells. J. Clin. Invest. 120, 11–19. 
Teimer, R., Kosinski, J., von Appen, A., Beck, M., and Hurt, E. (2017). A short linear motif in 
scaffold Nup145C connects Y-complex with pre-assembled outer ring Nup82 complex. Nat. 
Commun. 8, 1107. 
Tetenbaum-Novatt, J., Hough, L.E., Mironska, R., McKenney, A.S., and Rout, M.P. (2012). 
Nucleocytoplasmic Transport: A Role for Nonspecific Competition in Karyopherin-Nucleoporin 
Interactions. Mol. Cell. Proteomics 11, 31–46. 
Tetko, I. V., Gasteiger, J., Todeschini, R., Mauri, A., Livingstone, D., Ertl, P., Palyulin, V.A., 
Radchenko, E. V., Zefirov, N.S., Makarenko, A.S., et al. (2005). Virtual Computational 
Chemistry Laboratory – Design and Description. J. Comput. Aided. Mol. Des. 19, 453–463. 
Thaller, D.J., and Patrick Lusk, C. (2018). Fantastic nuclear envelope herniations and where to 
find them. Biochem. Soc. Trans. BST20170442. 
Thaller, D., Allegretti, M., Borah, S., Ronchi, P., Beck, M., and Lusk, C.P. (2019a). An ESCRT-
LEM domain inner nuclear membrane protein surveillance system is poised to directly monitor 
the integrity of the nuclear envelope barrier and nuclear transport system. BioRxiv 523670. 
Thaller, D.J., Allegretti, M., Borah, S., Ronchi, P., Beck, M., and Lusk, C.P. (2019b). An ESCRT-
LEM protein surveillance system is poised to directly monitor the nuclear envelope and nuclear 
transport system. Elife 8. 
Thayer, N.H., Leverich, C.K., Fitzgibbon, M.P., Nelson, Z.W., Henderson, K.A., Gafken, P.R., 





retained in cells undergoing repeated asymmetric divisions. 
Thayer, N.H., Leverich, C.K., Fitzgibbon, M.P., Nelson, Z.W., Henderson, K.A., Gafken, P.R., 
Hsu, J.J., and Gottschling, D.E. (2014). Identification of long-lived proteins retained in cells 
undergoing repeated asymmetric divisions. Proc. Natl. Acad. Sci. U. S. A. 111, 14019–14026. 
Timney, B.L., Tetenbaum-Novatt, J., Agate, D.S., Williams, R., Zhang, W., Chait, B.T., and 
Rout, M.P. (2006). Simple kinetic relationships and nonspecific competition govern nuclear 
import rates in vivo. J. Cell Biol. 175, 579–593. 
Timney, B.L., Raveh, B., Mironska, R., Trivedi, J.M., Kim, S.J., Russel, D., Wente, S.R., Sali, A., 
and Rout, M.P. (2016). Simple rules for passive diffusion through the nuclear pore complex. J. 
Cell Biol. 215, 57–76. 
Tkach, J.M., Yimit, A., Lee, A.Y., Riffle, M., Costanzo, M., Jaschob, D., Hendry, J.A., Ou, J., 
Moffat, J., Boone, C., et al. (2012). Dissecting DNA damage response pathways by analysing 
protein localization and abundance changes during DNA replication stress. Nat. Cell Biol. 14, 
966–976. 
Tosato, M., Zamboni, V., Ferrini, A., and Cesari, M. (2007). The aging process and potential 
interventions to extend life expectancy. Clin. Interv. Aging 2, 401–412. 
Towbin, B.D., Meister, P., and Gasser, S.M. (2009). The nuclear envelope — a scaffold for 
silencing? Curr. Opin. Genet. Dev. 19, 180–186. 
Toyama, B.H., Savas, J.N., Park, S.K., Harris, M.S., Ingolia, N.T., Yates, J.R., and Hetzer, M.W. 
(2013). Identification of long-lived proteins reveals exceptional stability of essential cellular 
structures. Cell. 
Toyama, B.H., Arrojo E Drigo, R., Lev-Ram, V., Ramachandra, R., Deerinck, T.J., Lechene, C., 
Ellisman, M.H., and Hetzer, M.W. (2019). Visualization of long-lived proteins reveals age 
mosaicism within nuclei of postmitotic cells. J. Cell Biol. 218, 433–444. 
Truant, R., Fridell, R.A., Benson, R.E., Bogerd, H., and Cullen, B.R. (1998). Identification and 
functional characterization of a novel nuclear localization signal present in the yeast Nab2 
poly(A)+ RNA binding protein. Mol. Cell. Biol. 18, 1449–1458. 
Tyo, K.E.J., Liu, Z., Petranovic, D., and Nielsen, J. (2012). Imbalance of heterologous protein 
folding and disulfide bond formation rates yields runaway oxidative stress. BMC Biol. 10, 16. 
Unal, E., Kinde, B., and Amon, A. (2011). Gametogenesis Eliminates Age-Induced Cellular 
Damage and Resets Life Span in Yeast. Science (80-. ). 332, 1554–1557. 
Unwin, P.N., and Milligan, R.A. (1982). A large particle associated with the perimeter of the 
nuclear pore complex. J. Cell Biol. 93, 63–75. 
Uversky, V.N. (2017). Intrinsically disordered proteins in overcrowded milieu: Membrane-less 
organelles, phase separation, and intrinsic disorder. Curr. Opin. Struct. Biol. 44, 18–30. 
Viswanadhan, V.N., Ghose, A.K., Revankar, G.R., and Robins, R.K. (1989). Atomic 
physicochemical parameters for three dimensional structure directed quantitative structure-
activity relationships. 4. Additional parameters for hydrophobic and dispersive interactions and 
their application for an automated superposition of certain naturally occurring nucleoside 




retained in cells undergoing repeated asymmetric divisions. 
Thayer, N.H., Leverich, C.K., Fitzgibbon, M.P., Nelson, Z.W., Henderson, K.A., Gafken, P.R., 
Hsu, J.J., and Gottschling, D.E. (2014). Identification of long-lived proteins retained in cells 
undergoing repeated asymmetric divisions. Proc. Natl. Acad. Sci. U. S. A. 111, 14019–14026. 
Timney, B.L., Tetenbaum-Novatt, J., Agate, D.S., Williams, R., Zhang, W., Chait, B.T., and 
Rout, M.P. (2006). Simple kinetic relationships and nonspecific competition govern nuclear 
import rates in vivo. J. Cell Biol. 175, 579–593. 
Timney, B.L., Raveh, B., Mironska, R., Trivedi, J.M., Kim, S.J., Russel, D., Wente, S.R., Sali, A., 
and Rout, M.P. (2016). Simple rules for passive diffusion through the nuclear pore complex. J. 
Cell Biol. 215, 57–76. 
Tkach, J.M., Yimit, A., Lee, A.Y., Riffle, M., Costanzo, M., Jaschob, D., Hendry, J.A., Ou, J., 
Moffat, J., Boone, C., et al. (2012). Dissecting DNA damage response pathways by analysing 
protein localization and abundance changes during DNA replication stress. Nat. Cell Biol. 14, 
966–976. 
Tosato, M., Zamboni, V., Ferrini, A., and Cesari, M. (2007). The aging process and potential 
interventions to extend life expectancy. Clin. Interv. Aging 2, 401–412. 
Towbin, B.D., Meister, P., and Gasser, S.M. (2009). The nuclear envelope — a scaffold for 
silencing? Curr. Opin. Genet. Dev. 19, 180–186. 
Toyama, B.H., Savas, J.N., Park, S.K., Harris, M.S., Ingolia, N.T., Yates, J.R., and Hetzer, M.W. 
(2013). Identification of long-lived proteins reveals exceptional stability of essential cellular 
structures. Cell. 
Toyama, B.H., Arrojo E Drigo, R., Lev-Ram, V., Ramachandra, R., Deerinck, T.J., Lechene, C., 
Ellisman, M.H., and Hetzer, M.W. (2019). Visualization of long-lived proteins reveals age 
mosaicism within nuclei of postmitotic cells. J. Cell Biol. 218, 433–444. 
Truant, R., Fridell, R.A., Benson, R.E., Bogerd, H., and Cullen, B.R. (1998). Identification and 
functional characterization of a novel nuclear localization signal present in the yeast Nab2 
poly(A)+ RNA binding protein. Mol. Cell. Biol. 18, 1449–1458. 
Tyo, K.E.J., Liu, Z., Petranovic, D., and Nielsen, J. (2012). Imbalance of heterologous protein 
folding and disulfide bond formation rates yields runaway oxidative stress. BMC Biol. 10, 16. 
Unal, E., Kinde, B., and Amon, A. (2011). Gametogenesis Eliminates Age-Induced Cellular 
Damage and Resets Life Span in Yeast. Science (80-. ). 332, 1554–1557. 
Unwin, P.N., and Milligan, R.A. (1982). A large particle associated with the perimeter of the 
nuclear pore complex. J. Cell Biol. 93, 63–75. 
Uversky, V.N. (2017). Intrinsically disordered proteins in overcrowded milieu: Membrane-less 
organelles, phase separation, and intrinsic disorder. Curr. Opin. Struct. Biol. 44, 18–30. 
Viswanadhan, V.N., Ghose, A.K., Revankar, G.R., and Robins, R.K. (1989). Atomic 
physicochemical parameters for three dimensional structure directed quantitative structure-
activity relationships. 4. Additional parameters for hydrophobic and dispersive interactions and 
their application for an automated superposition of certain naturally occurring nucleoside 




Vomastek, T., Iwanicki, M.P., Burack, W.R., Tiwari, D., Kumar, D., Parsons, J.T., Weber, M.J., 
and Nandicoori, V.K. (2008). Extracellular signal-regulated kinase 2 (ERK2) phosphorylation 
sites and docking domain on the nuclear pore complex protein Tpr cooperatively regulate ERK2-
Tpr interaction. Mol. Cell. Biol. 28, 6954–6966. 
Walther, T.C., Askjaer, P., Gentzel, M., Habermann, A., Griffiths, G., Wilm, M., Mattaj, I.W., 
and Hetzer, M. (2003). RanGTP mediates nuclear pore complex assembly. Nature 424, 689–694. 
Wasko, B.M., and Kaeberlein, M. (2014). Yeast replicative aging: a paradigm for defining 
conserved longevity interventions. FEMS Yeast Res. 14, 148–159. 
Webster, B.M., Colombi, P., Jäger, J., and Patrick Lusk, C. (2014). Surveillance of nuclear pore 
complex assembly by ESCRT-III/Vps4. Cell. 
Webster, B.M., Thaller, D.J., Jäger, J., Ochmann, S.E., Borah, S., and Lusk, C.P. (2016). Chm7 
and Heh1 collaborate to link nuclear pore complex quality control with nuclear envelope sealing. 
EMBO J. 205, 695–701. 
Wemmer, M., Azmi, I., West, M., Davies, B., Katzmann, D., and Odorizzi, G. (2011). Bro1 
binding to Snf7 regulates ESCRT-III membrane scission activity in yeast. J. Cell Biol. 192, 295–
306. 
Wen, W., Meinkotht, J.L., Tsien, R.Y., and Taylor, S.S. (1995). Identification of a signal for rapid 
export of proteins from the nucleus. Cell 82, 463–473. 
Wente, S.R., and Blobel, G. (1993). A Temperature-sensitive NUPll6 Null Mutant Forms a 
Nuclear Envelope Seal over the Yeast Nuclear Pore Complex Thereby Blocking 
Nucleocytoplasmic Traffic. J. Cell Biol. 123, 275–284. 
Wente, S.R., and Rout, M.P. (2010). The nuclear pore complex and nuclear transport. Cold Spring 
Harb. Perspect. Biol. 
Winkler, J., Tyedmers, J., Bukau, B., and Mogk, A. (2012). Chaperone networks in protein 
disaggregation and prion propagation. J. Struct. Biol. 179, 152–160. 
Woerner, A.C., Frottin, F., Hornburg, D., Feng, L.R., Meissner, F., Patra, M., Tatzelt, J., Mann, 
M., Winklhofer, K.F., Hartl, F.U., et al. (2016). Cytoplasmic protein aggregates interfere with 
nucleocytoplasmic transport of protein and RNA. Science (80-. ). 351, 173–176. 
Wychowski, C., van der Werf, S., and Girard, M. (1985). Nuclear localization of poliovirus 
capsid polypeptide VP1 expressed as a fusion protein with SV40-VP1. Gene 37, 63–71. 
Yamada, J., Phillips, J.L., Patel, S., Goldfien, G., Calestagne-Morelli, A., Huang, H., Reza, R., 
Acheson, J., Krishnan, V. V, Newsam, S., et al. (2010). A bimodal distribution of two distinct 
categories of intrinsically disordered structures with separate functions in FG nucleoporins. Mol. 
Cell. Proteomics 9, 2205–2224. 
Yang, B., Stjepanovic, G., Shen, Q., Martin, A., and Hurley, J.H. (2015). Vps4 disassembles an 
ESCRT-III filament by global unfolding and processive translocation. Nat. Struct. Mol. Biol. 22, 
492–498. 
Yang, W., Gelles, J., and Musser, S.M. (2004). Imaging of single-molecule translocation through 
nuclear pore complexes. Proc. Natl. Acad. Sci. U. S. A. 101, 12887–12892. 






Yewdell, W.T., Colombi, P., Makhnevych, T., and Lusk, C.P. (2011). Lumenal interactions in 
nuclear pore complex assembly and stability. 22. 
Yorikawa, C., Shibata, H., Waguri, S., Hatta, K., Horii, M., Katoh, K., Kobayashi, T., Uchiyama, 
Y., and Maki, M. (2005). Human CHMP6, a myristoylated ESCRT-III protein, interacts directly 
with an ESCRT-II component EAP20 and regulates endosomal cargo sorting. Biochem. J. 387, 
17–26. 
Zhang, H., Elbaum-Garfinkle, S., Langdon, E.M., Taylor, N., Occhipinti, P., Bridges, A.A., 
Brangwynne, C.P., and Gladfelter, A.S. (2015). RNA Controls PolyQ Protein Phase Transitions. 
Mol. Cell 60, 220–230. 
Zhang, W., Neuner, A., Rüthnick, D., Sachsenheimer, T., Lüchtenborg, C., Brügger, B., and 
Schiebel, E. (2018). Brr6 and Brl1 locate to nuclear pore complex assembly sites to promote their 
biogenesis. J. Cell Biol. jcb.201706024. 
Zhang, Y.-J., Gendron, T.F., Grima, J.C., Sasaguri, H., Jansen-West, K., Xu, Y.-F., Katzman, 
R.B., Gass, J., Murray, M.E., Shinohara, M., et al. (2016). C9ORF72 poly(GA) aggregates 
sequester and impair HR23 and nucleocytoplasmic transport proteins. Nat. Neurosci. 19, 668–
677. 
Zhang, Y., Luo, C., Zou, K., Xie, Z., Brandman, O., Ouyang, Q., and Li, H. (2012). Single Cell 
Analysis of Yeast Replicative Aging Using a New Generation of Microfluidic Device. PLoS One. 
Zhao, R., Xuan, Y., Li, X., and Xi, R. (2008). Age-related changes of germline stem cell activity, 
niche signaling activity and egg production in Drosophila. Aging Cell 7, 344–354. 
Zhou, C., Slaughter, B.D., Unruh, J.R., Eldakak, A., Rubinstein, B., and Li, R. (2011). Motility 
and Segregation of Hsp104-Associated Protein Aggregates in Budding Yeast. Cell 147, 1186–
1196. 
Zuleger, N., Kerr, A.R.W., and Schirmer, E.C. (2012). Many mechanisms, one entrance: 
membrane protein translocation into the nucleus. Cell. Mol. Life Sci. 69, 2205–2216. 
